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ABSTRACT 
This thesis adopts a geoarchaeological approach to palaeoenvironmental research in 
the Konya basin of South-Central Turkey. It involves the analysis of sediment 
sequences through cultural and alluvial deposits across a broad alluvial fan which has 
developed on the southern edge of the basin since the beginning of the Holocene. 
Sediments have been analysed by mineral magnetics, particle size, carbonate and 
organic matter content, and grouping into lithological units has been aided by 
statistical techniques including principal components analysis and discriminant 
analysis. Results of the analysis have shown a complex sequence of deposition across 
the alluvial fan throughout the Holocene, and within the sequences a number of 
archaeological sites ranging in date from the Early Neolithic to the Byzantine periods 
have been identified as being established on various land surfaces. 
During the early to mid Holocene, the predominant alluvial deposit across the fan was 
a fine-grained, heavy backswamp clay, deposition of which was time transgressive, 
i. e. area of deposition changed over this period as the course of the depositing river 
migrated laterally, and up/down fan. 
Evidence from the largest and earliest site studied, I; atalh6yiik, where archaeological 
excavation has recently recommenced, shows that the site was established during the 
Early Neolithic in an actively flooding alluvial environment. This has implications, 
not only for the populations inhabiting the site, but also for the wider reasoning 
behind the establishment of early agricultural settlements in the Near East. Other sites 
in the area up to the Early Bronze Age have also been seen to have been established in 
actively depositing alluvial settings. 
Shortly before c. 4000 BP there was a permanent change in the nature of alluvial 
deposition, with the heavy backswamp clay being replaced by a less fine-grained 
deposit of different origin. This initial change was concurrent with an apparent 
depopulation of the alluvial fan and a relationship between the two phenomena is 
possible. More importantly, there appear to have been major population changes and 
increased human influence on the environment of both the fan catchment and the 
wider region subsequent to these phenomena. Such changes appear to have had a 
long-term effect on the fan. environment as the nature of the alluvial deposition 
remained relatively unaltered between these events and intensive irrigation schemes 
which restricted alluvial deposition in the early twentieth century. 
iii 
ACKNOWLEDGEMENTS 
There are numerous people who have helped me out in many ways during the 
development of this thesis. Firstly I must thank my supervisor, Professor Neil Roberts 
for providing me with the opportunity to start the research in the first place, and for 
his continued support and invaluable advice throughout my time in Loughborough 
and Turkey. I must also thank Dr. David Twigg for his invaluable contributions, 
particularly in the field where I would literally have been lost without his vast 
knowledge of Geographical Positioning Systems. 
For their invaluable assistance in the field I must thank John Tibby, Hakan 
Yigitbasioglu, Jane Reed, Romola 'Chip' Parish and Warren Eastwood, without 
whom my samples would never have been recovered, and Carl Sayer who was not 
only lured into Turkish fieldwork but also provided invaluable advice in the lab and 
office. For their lab guidance I must thank Barry Kenny and Stuart Ashby, for all their 
help and advice with cartography I must thank Peter Robinson and Erica Millwain, 
and for saving my work from the technical gremlins I am indebted to Mark Szegner. 
For their help, advice and inspiration when I was in Turkey I am grateful to Penny 
McParlin, Ba$ak Boz, Roger Matthews, Wendy Matthews, Douglas Baird, Stephen 
Holmes, Ian Hodder, and Anwen Cooper for the aerial photographs. I must also 
extend my gratitude to the members of the 4; atalh6y0k team whose comments I have 
taken on board; Jonathan Last, Louise Martin, Julie Near and Aylan Erkal. I would 
also like to thank the numerous people at I; atalh6yiik who have provided help, advice, 
inspiration or made my time there enjoyable; Shahina, Roddy, Gavin, Louise D., 
Khan, Richard, Jenny, Cathy, Sharon, Asa, Heidi, Chris C., Chris P., Stephanie, Chad, 
Mary, Mehmet, Meltem, Serap, Nurcan, Burcu, Banu, (; iqek, John, Jim, Makbule, 
Mark, Emily, Lucy, Julia, Ozgur, bzkhan, Anja, Craig, Su, Tom, Naomi, Kate, 
Adnan, Peter, Theya, Evan, Rissa, Lindsay, Kirstie, Eileen, the workmen and women 
of KUqukk6y and anyone I have accidently omitted. 
I would also like to thank a number of people back in Britain, for keeping me going; 
Hayden, Peris, Jason, Caroline, Jo B., Jo F., Nacho, Phil, Andy, Kirsten, Chris J., 
Chris H., Rachel, Jackie, Gill, Kate, Julie, Deb, Janet, Lois and Helen. 
Finally I would like to thank Jamie Merrick for keeping me sane through two seasons 
of fieldwork and proving what an asset a great sense of humour is, even when those 
around don't always understand. 
iv 
CONTENTS 
Abstract ........................................................................................................................... iii 
Acknowledgments 
......................................................................................................... iv 
List of Figures ................................................................................................................. ix 
List of Tables .................................................................................................................. xiv 
List of Plates .................................................................................................................... xv 
CHAPTER ONE: 
INTRODUCTION .............................................................................................. 
1.1 General Introduction 
........................................................................ 1 
1.2 The Origins of Agriculture ............................................................... 2 
1.2.1 The Epi-Palaeolithic Prelude ............................................ 4 
1.2.2 Neolithic Agricultural Development ................................. 5 
1.2.3 Causes of the Move to Agriculture ................................... 7 
1.2.4 Later Agricultural Spread and Cultural 
Developments .............................................................................. 12 
1.3 Geoarchaeology ............................................................................... 13 
1.3.1 Mediterranean and Near-Eastern Alluvial 
Geoarchaeology .......................................................................... 18 
1.3.2 Summary ............................................................................ 20 
CHAPTER TWO: 
THE STUDY AREA ........................................................................................... 21 
2.1 Introduction ...................................................................................... 21 
2.2 Anatolia in the Early Holocene ....................................................... 
21 
2.3 The Konya Basin: Environmental and Archaeological 
Background 
............................................................................................. 23 
2.4 Alluvial Fans 
.................................................................................... 29 
2.4.1 The Qarprnba Alluvial Fan ............................................... 30 
2.5 Thesis Aims and Objectives ............................................................. 33 
CHAPTER THREE: 
METHODOLOGIES 
.......................................................................................... 36 
3.1 Introduction ....................................................................................... 36 
3.2 Field Methods ................................................................................... 36 
3.2.1 Coring 
................................................................................. 39 
V 
3.2.2 Exposed Sections ............................................................... 40 
3.2.3 Geographical Positioning ................................................... 42 
3.3 Laboratory Methods .......................................................................... 42 
3.3.1 Sample Extrusion and Sub-sampling ................................. 42 
3.3.2 Organic Matter Content ..................................................... 43 
3.3.3 Calcium Carbonate Content .............................................. 44 
3.3.4 Loss on Ignition ................................................................ 
45 
3.3.5 Magnetic Susceptibility ...................................................... 49 
3.3.6 Particle Size Analysis ......................................................... 52 
3.4 Data Presentation .............................................................................. 
58 
3.5 Dating ................................................................................................ 59 
CHAPTER FOUR: 
qATALHOYOK: A CASE STUDY .................................................................. 
62 
4.1 Introduction ....................................................................................... 
62 
4.2 Fine Alluvial Sequences .................................................................... 
65 
4.2.1 Core 94B ............................................................................ 
65 
4.2.2 Section 95PC I .................................................................... 
68 
4.3 Coarse-Grained Fluvial/Palaeochannel Deposits .............................. 
69 
4.3.1 Palaeochannel Section 94PC1 ............................................ 
71 
4.3.2 Section 95PC2 .................................................................... 
72 
4.3.3 Sequences Between the Mounds ........................................ 
77 
4.4 East Mound Cores ............................................................................. 
83 
4.4.1 Cores 94A and 93.1 ............................................................ 
83 
4.4.2 Core 94D ............................................................................ 
86 
4.4.3 Core 94C ............................................................................ 
87 
4.5 The West Mound ............................................................................... 
90 
4.6 Discussion ........................................................................................ 
94 
CHAPTER FIVE: 
ALLUVIAL HISTORY OF THE qAR$AMBA FAN: SITE 
STRATIGRAPHIES ........................................................................................... 
104 
5.1 Introduction ....................................................................................... 
104 
5.2 Sites south of the sand ridge ............................................................. 
106 
5.2.1 Musalar H8vUk ................................................................... 
106 
5.2.2 Okqu H6yijk ....................................................................... 
III 
5.2.3 Boyah T6mek .................................................................... 
113 
5.2.4 Kuru Hbyfik ....................................................................... 
118 
vi 
5.3 Sites north of the sand ridge .............................................................. 120 
5.3.1 Dedeli H6yfik ..................................................................... 121 
5.3.2 Sircak H6yUk ...................................................................... 124 
5.3.3 Torundede Hbyiik ............................................................. 126 
5.3.4 CrUmdU H6yUk ................................................................. 128 
5.3.5 Kizil H6yfik II ................................................................... 132 
5.3.6 Agadami MyOk ................................................................ 136 
5.3.7 Mzil H6yUk I .................................................................... 138 
5.3.8 Kizlar Hbyfik ..................................................................... 142 
5.3.9 Dolay H6yiik ..................................................................... 144 
5.3.10 Avrathant H6yUk ............................................................. 148 
5.3.11 Kuýlu H6yUk I ................................................................. 151 
5.3.12 KuOu Hdyfik II ............................................................... 156 
5.4 Discussion ........................................................................................ 160 
CHAPTER SIX: 
NUMERICAL ANALYSIS OF SEDIMENTOLOGICAL DATA .................... 166 
6.1 Introduction ....................................................................................... 166 
6.2 Statistical Analysis ............................................................................ 166 
6.2.1 Principal Components Analysis ......................................... 169 
6.2.2 Discriminant Analysis ........................................................ 176 
6.2.2.1 Discriminant Analysis on all ratalh6yfik 
Sediments ........................................................................ 
180 
6.2.2.2 Discriminant Analysis on I; atalh6yfik 
Fine Alluvium ................................................................. 185 
6.2.2.3 Discriminant Analysis on all Fine 
Alluvial Sediments .......................................................... 189 
6.3 Discussion ........................................................................................ 194 
CHAPTERSEVEN: 
CHRONOLOGY, CORRELATION AND INTERPRETATION OF 
GEOARCHAEOLOGICAL SEQUENCES ....................................................... 
196 
7.1 Introduction ...................................................................................... 196 
7.2 A Chronology of Sedimentary Units Across the I; ar5amba 
Fan ........................................................................................................... 196 
7.2.1 Lake Marl .......................................................................... 
196 
7.2.2 Organic Clay ..................................................................... 
197 
7.2.3 Lower Alluvial Deposits ................................................... 198 
vii 
7.2.4 Upper Alluvial Deposits .................................................... 204 
7.2.5 An Intermediate Alluvium? .............................................. 208 
7.2.6 Sequences South of the Sand Ridge .................................. 210 
7.2.7 Fluvial Sequences ............................................................. 212 
7.3 Comparison with Evidence from Soil Mapping .............................. 213 
7.4 Discussion ........................................................................................ 
215 
CHAPTER EIGHT: 
CONCLUSION ................................................................................................... 
224 
8.1 Introduction ....................................................................................... 224 
8.2 The Backswamp Phase ..................................................................... 224 
8.2.1 Site Location ..................................................................... 
225 
8.2.2 Resource Potential ............................................................. 
228 
8.2.3 Climatic/Environmental Changes ..................................... 231 
8.3 The Upper Alluvial Phase ................................................................. 
233 
8.3.1 Human Impact ................................................................... 
233 
8.3.2 Environmental Factors ...................................................... 
235 
8.4 Late Quaternary Environmental Change and Cultural 
Adaptation ............................................................................................... 
237 
8.5 Near Eastern Late Quaternary Environmental Change .................... 238 
8.6 General Conclusion .......................................................................... 
240 
APPENDICES: 
APPENDIX 1: Munsell Colours of All Sediments ............................................. 
243 
APPENDIX 2: QatalhbyUk Area Loss on ignition and Magnetic 
Susceptibility Raw Data ...................................................................................... 
251 
APPENDIX 3: Car$amba Fan Sites Loss on Ignition and Magnetic 
Susceptibility Raw Data ...................................................................................... 
256 
BIBLIOGRAPHY ......................................................................................................... 
268 
viii 
LIST OF FIGURES 
1.1: Distribution of Archaeological Sites Mentioned in the Text .................................. 
6 
2.1: The Konya Basin 
..................................................................................................... 
24 
3.1: Cross-Section Through a Typical Archaeological Mound, Showing 
Cultural and Natural Deposits, and Ideal Coring and Section Sampling 
Locations ......................................................................................................................... 38 
3-2: A Comparison of Calcium Carbonate Equivalent Contents Calculated 
from Gas - Volumetric and Loss On Ignition Methodologies ........................................ 46 
3.3: Catchment Organic Matter Content, Calcium Carbonate Equivalent 
Content and Mass-Specific Magnetic Susceptibility of Replicated Samples ................. 48 
3.4: The Effect of Different Treatments of Samples Prior to Particle Size 
Analysis ........................................................................................................................... 57 
4.1: Map of Qatalh6yUk Showing Locations of All Sampled Sites ............................... 64 
4.2: I; atalh6yiik Core 94B and Section 95PC1, Lithostratigraphy, Organic 
Matter Content, Calcium Carbonate Equivalent Content and Mass-Specific 
Magnetic Susceptibility ................................................................................................... 
67 
4.3: Particle-Size Distribution Curves for Sediments from Core 94B ........................... 70 
4.4: Particle-Size Distribution Curves for Sediments from Section 95PC1 .................. 70 
4.5: Section 94PCl, Palaeochannel Fill and Alluvial Sequence .................................... 
73 
4.6a: Schematic View of Section 95PC2 (North-facing) Showing Central 
Sampled Area .................................................................................................................. 
74 
4.6b: Detail of Central Area of Section 95PC2, Showing Lithostratigraphy, 
Organic Matter Content, Calcium Carbonate Equivalent Content and Mass- 
Specific Magnetic Susceptibility .................................................................................... 
74 
4.7: Particle-Size Distribution Curves for Sediments from Section 94PC1 .................. 75 
4.8: Particle-Size Distribution Curves for Sediments from Section 95PC2 .................. 75 
4.9: qatalh6yUk Cores 95E and 95F, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 
78 
4.10: Particle-Size Distribution Curves for Sediments from Core 95E ......................... 82 
4.11: Particle-Size Distribution Curves for Sediments from Core 95F ......................... 82 
4.12: qatalh6yUk Cores 94A and 94D, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 
85 
ix 
4.13: I; atalhbyiik Core 94C, Lithostratigraphy, Organic Matter Content, 
Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility .................................................................................................................. 88 
4.14: Qatalh6yok West Mound Core 96W, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 91 
4.15: Particle-Size Distribution Curves for Coarse Fluvial Sands ................................. 92 
4.16: Particle-Size Distribution Curves for Marl Deposits ............................................ 92 
4.17: Particle-Size Distribution Curves for Deposits of 'Lower Alluvium' ................... 96 
4.18: Particle-Size Distribution Curves for Deposits of 'Upper Alluvium ..................... 96 
4.19: Alluvial Sediments at I; atalhbyUk ........................................................................ 97 
4.20: I; atalh6yiik Composite Lithostratigraphy, All sequences 1963 - 1996 ................ 100 
5.1: Plan of the Car*amba Fan, Showing Archaeological Sites Studied ....................... 105 
5.2: Musalar H6y0k Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 108 
5.3: Particle-Size Distribution Curves for Sediments from Musalar H6yfik 
Section ............................................................................................................................. 
110 
5-4: Particle-Size Distribution Curves for Sediments from Okqu H6yfik ...................... 110 
5.5: Okqu Hbyak Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility 
................................................................................................................... 
112 
5.6: Boyah Tijmek Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility 
................................................................................................................... 
115 
5.7: Particle-Size Distribution Curves for Sediments from Boyall T6mek ................... 117 
5.8: Particle-Size Distribution Curves for Sediments from Kuru Hbytik ...................... 117 
5.9: Kuru H6y0k Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 
119 
5.10: Dedeli Hbyiik Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 
122 
5.11: Particle-Size Distribution Curves for Sediments from Dedeli H6yuk .................. 123 
5.12: Sircak H6yflk Core, Lithostratigraphy, Organic Matter Content, 
Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 
125 
x 
5.13: Torundede H6yUk Core, Lithostratigraphy, Organic Matter 
Content, Calciurn. Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 127 
5.14: Particle-Size Distribution Curves for Sediments from Torundede 
H6yflk .............................................................................................................................. 129 
5.15 : Particle-Size Distribution Curves for Sediments from Cramdd H6yUk ............... 129 
5.16: DrUmdil H6yfik Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 130 
5.17: Kizil H6yiik 11 Core, Lithostratigraphy, Organic Matter Content, 
Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 133 
5.18: Particle-Size Distribution Curves for Sediments from Kizil H6yUk II ................. 135 
5.19: Particle-Size Distribution Curves for Sediments from Agadami HbyUk ............. 135 
5.20: Agadami H6yiIk Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 137 
5.21: Kizil H6yUk I Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 139 
5.22: Particle-Size Distribution Curves for Sediments from Kizil H8ytik I .................. 141 
5.23: Particle-Size Distribution Curves for Sediments from Kizlar H6yUk .................. 141 
5.24: KizIar H6yfik Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility 
................................................................................................................... 143 
5.25: Dolay H6yUk Core, Lithostratigraphy, Organic Matter Content, Calcium 
Carbonate Equivalent Content and Mass-Specific Magnetic Susceptibility .................. 146 
5.26: Particle-Size Distribution Curves for Sediments from Dolay H6yflk ................... 147 
5.27: Avrathani H6yUk Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 
149 
5.28a: Particle-Size Distribution Curves for Sediments from Avrathani H6yUk 
(Core) .................................... * .......................................................................................... 
150 
5.28b: Particle-Size Distribution Curves for Sediments from Avratham Hbyuk 
(Section) .......................................................................................................................... 
150 
5.29: Ku$lu H6yUk I Core and Section, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 153 
xi 
5.30: Particle-Size Distribution Curves for Sediments from Ku$lu H6y0k I 
(Section) .......................................................................................................................... 155 
5.31: Particle-Size Distribution Curves for Sediments from Ku5lu H8yuk II ............... 155 
5.32: Schematic View of East-Facing Section Through Ku5lu H6yfik 11 ...................... 158 
5.33: Ku$lu 1-16yok II Sections B/C and G, Lithostratigraphy, Organic Matter 
Content, Calcium Carbonate Equivalent Content and Mass-Specific Magnetic 
Susceptibility ................................................................................................................... 
159 
5.34: Contour Plots Showing Top-of-Marl Elevation and Alluvial Thickness 
Across the 1; aqamba Fan ................................................................................................ 162 
5.35: Relative Top Elevations of Marl in Cores and Nearby Exposed Sections 
where Marl was recovered in Both Sequences ............................................................... 
164 
6.1: Tables for the Conversion of Three-Dimensional Munsell Colours to 
Numeric Values for Multivariate Analysis ..................................................................... 167 
6.2: Plot of Factor-Adjusted Samples from I; atalh8yiik, Principal Component 
I (x) v. Principal Component 2 (y) ................................................................................. 
175 
6.3: Generating a Discriminant Function from Catalh6yfik Data for Two 
Groups, Measured on Two Variables ............................................................................. 
178 
6.4: Bivariate Plot and Discriminant Function Produced in Figure 6.3, Rotated 
so that the Discriminant Function is Plotted Horizontally with All Points 
Perpendicular To It, Showing the Maximum Discrimination between the Two 
Alluvial Groups About the Mean .................................................................................... 
179 
6.5a: Discriminant Analysis Adjusted Sediment Data from I; atalh6yiik, 
Plotted as First Function (x axis) Against Second Function (y axis) .............................. 184 
6.5b: Discriminant Analysis Adjusted Sediment Data from I; atalh6yUk, 
Plotted as First Function (x axis) Against Third Function (y axis) ................................. 184 
6.6: Discriminant Analysis Adjusted Fine Alluvial Sediment Data from 
C, atalh8yiik, Plotted as First Function (x axis) Against Second Function (y 
axis) ................................................................................................................................. 
188 
6.7: Discriminant Analysis Adjusted Fine Alluvial Sediment Data from All 
Sites, Plotted as First Function (x axis) Against Second Function (y axis) .................... 193 
7.1: Thickness of'Lower Alluvium' and 'Upper Alluvium' at Sites across the 
Qar5amba Fan .................................................................................................................. 
200 
7.2: Plot of 'Lower Alluvium' from Avrathani, Dedeli and Kizil I Adjusted by 
the First Two Discriminant Functions and Compared with the Group Centroids 
of 'Upper Alluvium', 'Lower Alluvium' and Avrathani Alluvium .................................. 209 
7.3: Distribution of 'Upper Alluvium' and 1; arýamba Fan soils ..................................... 214 
7.4: Correlation of the Major Holocene Fine Alluvial Sediments Across the 
I; ar5amba Fan .................................................................................................................. 
217 
xii 
7.5: Early - Mid Holocene Chronology on the Qarprnba Fan ...................................... 219 
7.6: Holocene Alluvial Chronology on the Qarsamba Fan, By Sector .......................... 222 
xiii 
LIST OF TABLES 
2.1: Archaeological phases and dates for South Central Turkey ................................... 32 
3-1: Numbers of physical analyses for all sites .............................................................. 56 
3.2: Uncalibrated 14C Dates ........................................................................................... 60 
3.3: Optically Stimulated Luminescence Dates, QatalhbyUk and Boyall 
T6mek ............................................................................................................................. 61 
5.1: Dates of Sites Studied ............................................................................................. 161 
6.1: Variables used in statistical analysis, their units and ranges .................................. 169 
6.2a: Unrotated Factor Matrix for Principal Components Analysis .............................. 171 
6.2b: Orthogonally Rotated Factor Matrix for Principal Components Analysis ........... 172 
6.2c: Obliquely Rotated Factor Matrix for Principal Components Analysis ................. 172 
6.3a: Unrotated Factor Matrix for Principal Components Analysis .............................. 174 
6.3b: Orthogonally Rotated Factor Matrix for Principal Components Analysis ........... 174 
6.3c: Obliquely Rotated Factor Matrix for Principal Components Analysis .................. 174 
6.4: Pooled within-groups correlations between discriminating variables and 
canonical discriminant functions. QatalhbyUk, all sediments ......................................... 182 
6.5: Discriminant analysis classification results for all sediments from 
r, atalh6yiik ...................................................................................................................... 
183 
6.6: Pooled within-groups correlations between discriminating variables and 
canonical discriminant functions. qatalh6yiik, fine alluvial sediments .......................... 185 
6-7: Discriminant analysis classification results for fine alluvial sediments 
from qatalh6yok 
............................................................................................................. 
186 
6.8: Pooled within-groups correlations between discriminating variables and 
canonical discriminant functions. I; ar*amba fan, fine alluvial sediments ...................... 190 
6.9: Discriminant analysis classification results for fine alluvial sediments 
across the qar5amba fan .................................................................................................. 
191 
xiv 
LIST OF PLATES 
2.1: The Konya Plain, Aerial View Looking North-East ............................................... 28 
2.2: The Canalised I; ar5amba River at (; umra ............................................................... 28 
-'- 3.1: Coring Using a Vibro-Corer at (; atalhbyiik ............................................................ 
41 
4.1: Section 95PC1, South of qatalhbyUk ...................................................................... 
66 
5.1: Section at Musalar HbyUk ....................................................................................... 
109 
5.2: Section Ku$lu H6yfik I, Showing Bands of Marl and Alluvium ............................ 154 
8.1: Trikala Basin, Northern Greece, Looking South-West from Meteora. .................... 227 
xv 
CHAPTER ONE 
INTRODUCTION 
1.1 General Introduction 
The Pleistocene - Holocene transition, from a glacial to post-glacial climatic regime in 
the higher latitudes and elevations, brought wide-scale natural environmental change 
to large areas of the Earth's surface. At the same time the structure of human culture 
was experiencing major upheavals, which ultimately led to the development of 
'modem' societies. This fundamental change in cultural structure was underpinned by 
the development of agriculture and the associated move to a sedentary way of life by 
previously mobile populations. During the Pleistocene - Holocene transition there 
were clear interactions between human societies and their natural environment. 
Anthropogenic activity was clearly influenced by environmental factors, particularly 
the major upheavals brought about by fundamental changes in climate. Conversely, 
with the development of organised societies, human groups were for the first time 
able to exert some influence on the natural environment which for so long they had 
been a part. 
The evidence for the changes in environment and human societies has come in a 
number of forms across many parts of the globe. Biological infon-nation, particularly 
in the form of pollen analysis has enabled an insight into the changing nature of plant 
communities during and directly after the glacial - post-glacial transition. 
Archaeological excavation has revealed evidence of the first faltering steps of 
populations moving to a settled existence, both in the form of structural remains, and 
deposits of faunal and botanical materials, which have provided evidence of 
increasing human control of natural resources. 
Fundamental to the development of agriculture has been the recognition of what 
species to exploit and in which suitable environments this exploitation can be carried 
out. In the case of plants this has meant the identification of exploitable crop staples 
and suitable sediment/soil types for their growth. This thesis takes as its core theme 
the analysis of predominantly alluvial sediments in an area where early agricultural 
development has been identified, i. e. the southern Anatolian Plateau of south-central 
Turkey, and attempts to relate these sediments, in terms of stratigraphic and 
1 
geographic location, to the numerous archaeological sites located upon them, from the 
earliest post-glacial to earliest historical periods. This is done in terms of the effects of 
environmental change on early societies, and conversely, the controls that such 
societies were able to exert over their environment. 
Before describing in detail the methods of analysis employed in this research, and the 
results gleaned, it is necessary, by way of introduction, to discuss a number of areas of 
study in some depth. Firstly the concept of the origins of agriculture, both in spatial, 
temporal and theoretical terms and the methods used in elucidating evidence are 
considered. Secondly the concepts involved in geoarchaeological research are 
discussed, and thirdly the study region where this research has been carried out is 
introduced, in order to place it within a wider framework. The first of these broad 
discussions takes up the opening part of this chapter, and is followed by a section on 
geoarchaeology. The second chapter concerns itself with the archaeological and 
environmental background to the study region and ends with a summary of the 
specific aims and objectives of the thesis. The following chapter describes the 
methodologies employed during the research, and the next two chapters describe in 
some detail all of the sites studied and initial results from the analyses carried out. 
Chapters six and seven bring together the results in the form of analysis and synthesis 
of data, and finally, chapter eight provides a conclusion to the thesis. 
1.2 The Origins of Agriculture 
More than three quarters of a century ago the Near East and south-west Asia were 
identified as an important centre where early agriculture was first developed at the 
Pleistocene - Holocene transition, and subsequently spread outwards from this core, 
particularly across Europe, during the early Holocene. Work had been carried out 
previously into the origins of plant domestication by writers such as de Candolle 
(1882), but it was not until after the First World War that more intensive research was 
carried out in this area, particularly by the Russian plant geneticist, N. I. Vavilov, who 
developed the concept of hearth areas (Vavilov, 1926,1929,1931,1935a, 1935b, 
1940), whereby agriculture was developed and spread from a number of independent 
centres across the globe. Vavilov (1926) initially proposed five centres of origin of 
cultivated plants across the globe (Southwestern Asia, South-eastern Asia, The 
Mediterranean Area, Abyssinia and Egypt, and mountain areas of South America and 
Mexico), later expanding this to eight centres (Vavilov, 1935b) with individual foci of 
origin, and then refining this to seven centres (Vavilov, 1940). The latter centres were 
defined by the subdivision of the Southeast Asian and Central/Southern American 
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centres of the initial classification. Vavilov equated places of origin of plant 
domestication with centres of botanical diversity, which only allowed the recognition 
of broad areas of domestication. Furthermore he did not propose any dating 
framework for his theories. However, particularly in the last forty years, the centres 
from which the earliest domestications spread, and the associated chronologies, have 
been more precisely established. These continue to be more finely tuned because of 
work by archaeologists who have identified and have been able to accurately date 
early sites. Furthermore botanical research has identified areas where natural stands of 
wild crop plants were once endemic and from whence domesticated varieties were 
developed. Thus Vavilov's theories have been more recently modified by Harlan 
(1971), Hawkes (1983) and MacNeish (1992) for example, who have identified a 
smaller number of centres, and varying numbers of what Hawkes (1983) refers to as 
'regions of diversity', which were the areas to which domesticates initially spread from 
the centres. In all of the classifications, the Near East stands out as probably the 
earliest and most important of the hearth areas, and although limitations have since 
been identified in Vavilov's theories (e. g. Zohary, 1970), the area of his Near Eastern 
hearth has formed the basis for much subsequent work involving agrobotanical 
origins and development. It is also within this area that the current research has been 
carried out and so further discussion of agricultural origins here will concentrate on 
this area, which covers the area defined by Harris (1996) as 'Southwest Asia' and 
those areas directly adjacent to this. 
Within the region of the Near East as a whole, the foci of the very earliest in 
developments towards agriculture are seen to have been within the area defined by the 
'Fertile Crescent'. This is a broad arc of fertile land which extends upwards from the 
Levantine coastal lowlands adjacent to the eastern Mediterranean, through northern 
Syria and south-eastern Anatolia, and south-eastwards down through the hilly flanks 
of the Zagros mountains of Iraq and Iran in the east. The Fertile Crescent corresponds 
to the areas in which a number of primitive cereal plants were endemic, subsequently 
utilized, and ultimately domesticated by human populations. In understanding the 
background to the earliest Neolithic agricultural developments, however, it is 
necessary to look further back into the Epi-Palaeolithic as a prelude to subsequent 
exploitations of floral and faunal resources by Neolithic societies. 
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1.2.1 The Epi-Palaeolithic Prelude 
The area of the Near East where most research has been carried out into Epi- 
Palaeolithic populations has been the Levant, particularly at sites in the Southern 
Levant, close to where the major crops of barley, emmer wheat, lentil and field pea 
may have originated (Byrd, 1992, and see below). Much of this work has been carried 
out by Ofer Bar-Yosef and co-workers (e. g. Bar-Yosef and Vogel, 1987; Bar-Yosef 
and Kislev, 1989; Bar-Yosef and Belfer-Cohen, 1989,1992), who have seen the 
origins in a move to sedentism as far back as the late Pleistocene glacial maximum at 
about 20,000 BPI with the Kebaran cultures of the fertile eastern Mediterranean belt. 
This culture was first recognised in excavations at the type-site of Kebara cave near 
Mount Carmel (Turville-Petre, 1932), and consisted of small bands of individuals 
with distinctive tool assemblages based on microlithic industries. Sites occupied by 
these people include evidence of small 'base-camps' pointing to a semi-sedentary 
lifestyle, and grinding tools, suggesting the efficient processing of collected vegetal 
foodstuffs (Bar-Yosef and Belfer-Cohen, 1989). Faunal resources were apparently 
exploited purely by hunting as they had been by their Upper Palaeolithic forbears. The 
Kebaran culture persisted until about 15,500 BP, during which time there was a 
gradual change to the Geometric Kebaran (Bar-Yosef and Belfer-Cohen, 1989), which 
exhibited a slightly changed tool kit and large-scale expansion of population into the 
previously sparsely-populated and areas to the east, the marginal zones of Sinai and 
the Negev becoming populated, with specific areas such as the Azraq basin, for 
example, experiencing concentrated human activity (Garrard et al.., 1986,1987, 
1994). Contemporary with the later Geometric Kebaran culture was the Mushabian 
complex who replaced them in the more marginal areas during the 14th millennium 
BP, pushing the Geometric Kebarans back to the fertile Mediterranean belt, for which 
there have been a number of explanations (see below). There was then a quite abrupt 
change in cultural succession which saw the appearance of the Natuflan culture. At 
this time there was an apparent increase in population, which led to reduced mobility, 
and larger 'base camps' became more apparent. There was also an increase in the 
number of pounding tools used in vegetal preparation. Taken together, these changes 
were sufficient for Bar-Yosef and Belfer-Cohen (1989,1992) to suggest a move to 
sedentary occupation by Natufian peoples and possibly the first steps towards 
cultivation. During the late 12th to early 11 th millennia there were further changes 
resulting in the appearance of the Sultanian culture. This saw major social changes 
and the development of organised sites with structured dwellings, defences, food 
I Dates mentioned in the text are calibrated 14C or calendar dates unless otherwise specified 
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storage facilities and the development of exchange networks, and is the period 
referred to by Mellaart (1965b) as the Proto-Neolithic. Thus the earliest Neolithic 
settlements began to emerge in the southern Levant, important sites such as Jericho 
(Kenyon, 1957,1981), Gilgal (Noy, 1989: Noy et al., 1980) and Netiv Hagdud (Bar- 
Yosef et al., 1991) being founded at this time, though the early villages at sites such 
as Jericho would be unrecognisable from the major urban developments which 
followed. 
Further north in the Levant and the northern Fertile Crescent the patterns of 
development and cultural progression are not so clear, partly as a lack of reliable 14C 
dates has meant that cultural phases are dated by comparison with those further south 
(Cauvin, 1987), though some writers (e. g. Mellaart, 1965b) have demonstrated a 
contemporaneity between the Zarzian culture of the Zagros mountains and the 
Kebaran of the southern Levant. Cauvin (1987) has devised a three-phase 
development in the north which broadly coincides with the Kebaran, Geometric 
Kebaran and Natufian phases in the south. Because of the lack of a clear chronology 
in the north compared to that in the south a comparison of contemporaneous sites is 
not always possible, though the earliest phases of sites such as Jiita (Hours, 1973; 
Hours and Loiselet, 1975 - 1977) and Nahr el-Homr (Roodenberg, 1977) are 
contemporary with the Kebaran further south, whilst sites such as Mureybet (Cauvin, 
1977), Abu Hureyra (Moore, 1975,1979; Hillman et al., 1989), Hallan qemi 
(Rosenberg et al., 1995) and M'lefaat (Nesbitt, 1995a) are contemporary with the 
Natuflan. Similarly, sites in the Zagros mountains of Iraq and Iran within the south- 
eastern belt of the Fertile Crescent, such as Karim Shahir, Zawi Chemi Shanidar and 
Ganj Dareh (Oates, 1973) are all broadly contemporary with the late Natuflan of the 
southern Levant (see Figure 1.1 for locations of sites). 
1.2.2 Neolithic Agricultural Development 
Having seen that the first steps towards sedentism and proto-agriculture in the Near 
East were taken by various Epi-Palaeolithic cultures around the Fertile Crescent, there 
followed an 'explosion' in agricultural development during the early Neolithic, 
compared to the gradual changes of the previous eight or nine millennia. 
It has already been shown how a number of early sites were borne out of the later Epi- 
Palaeolithic. These include sites such as Gesher, Netiv Hagdud, Gilgal and Jericho in 
the Jordan Valley (Bar-Yosef and Kislev, 1989), Mureybet and Abu Hureyra in the 
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northern Fertile Crescent (Byrd, 1992), and Karim Shahir and Ganj Dareh in the 
Zagros mountains (Figure 1.1). All of these sites existed at the beginning of the 
Neolithic before the advent of ceramic manufacture in a period known as Pre-Pottery 
Neolithic A (PPNA). This and the following Pre-Pottery Neolithic B (PPNB) were 
terms derived by Kenyon (1957) to divide the pre-ceramic levels at Jericho, and have 
been used since in Near-Eastern chronology. The first of these phases is dated 
approximately to 11,500 - 10,500 BP (Byrd, 1992) and saw the consolidation of those 
Neolithic sites established previously. The second phase, which lasted approximately 
from 10,500 - 9,000 BP (Byrd, 1992) saw the widespread development of agricultural 
villages throughout the Near East and the larger sites such as Jericho developing 
urban characteristics. 
By the time of the advent of ceramic technology, or about 9,000 BP, sites such as 
Beidha (Helbaek, 1966), Jericho (Hopf, 1969), Tell Ramad (de Contenson, 1971) and 
Tell Aswad (van Zeist and Bakker-Heeres, 1982) in the Levant; Mureybet (van Zeist 
and Casparie, 1968) and Abu Hureyra (Hillman et al., 1989) in Syria; Zawi Chemi 
(Leroi-Gourhan, 1969) and Jarmo (Braidwood and Braidwood, 1950) in Iraq; qay6nfi 
(qambel and Braidwood, 1970) in eastern Anatolia; and Ali Kosh (Harlan, 1977) in 
Iran, all have evidence of primitive crop plant exploitation and can be seen to have 
become agricultural settlements. In addition to these sites, by the same time, or a little 
later, a number of early agricultural sites had also become established beyond the 
Fertile Crescent, at places such as Jeitun and Anau in Turkmenistan (Harris et al., 
1993,1996) and in south-central Anatolia at sites such as Can Hasan III (French, 1962 
- 8), Hacilar (Mellaart, 1970,1998), ratalh6yUk (Mellaart, 1965c, 1967), A5ikl1 
Myok (Esin, 1991,1996), which has been seen as the forerunner to Qatalh6y0k, and 
Okfizini (Yalqinkaya, 1995), where continuous occupation has been observed from 
c. 16,000 to 8000 BP. Agriculture thus established, had begun to spread outwards from 
the Near Eastern core towards Europe and central Asia beyond (Figure 1.1). 
What then caused this fundamental shift in human society to adopt economies based 
on a settled agricultural way of life, rather than one based on nomadic hunter- 
gathering? 
1.2.3 Causes of the Move to Agriculture 
A first pre-requisite for the move towards agriculture is the availability of species 
which can ultimately be domesticated. As has been shown above, Vavilov identified 
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the Near East as a hearth area for the origin of a number of crop plants, the wild 
ancestors of which were endemic in this region. Of particular importance here were 
the cereal crops, especially species of wheat and barley. Zohary and Hopf (1988) have 
shown how the natural distributions of wild emmer wheat and wild barley were 
spread predominantly across the Fertile Crescent, with wild einkorn wheat distributed 
across the northern and eastern Fertile Crescent, and westwards into Anatolia. It has 
also been shown (Zohary and Hopf, 1988; Zohary, 1986,1996), how these species 
have been found at a number of the Epi-Palaeolithic and early Neolithic sites 
discussed above. Clearly these wild species were at first just harvested before they 
could be taken into domestication and so their earliest finds in archaeological contexts 
are close to where they grew naturally and do not imply cultivation. Zohary and Hopf 
(1988) and Zohary (1989) have also shown how other crop plants such as peas, lentils 
and chickpeas also originated within areas of the Fertile Crescent. The Near East has 
also provided the natural habitats for some of the important animal species ultimately 
taken into domestication (Ciutton-Brock, 1987). Garrard et aL (1996a), Legge (1996) 
and Hole (1996) for example, have shown how caprine species were taken into 
domestication from wild stocks in different parts of the Fertile Crescent. Clearly, then, 
suitable species were in place in the late Pleistocene/early Holocene, for human 
societies to move towards an agricultural way of life, but other factors were also 
involved. 
The Pleistocene - Holocene transition was clearly marked by global climate changes 
and the consequent environmental changes across many regions of the world. 
Theories concerning the move to agriculture have often reflected environmental 
change as a potential cause. The first to develop a clear model of how environmental 
change contributed to the development of agriculture and sedentism was V. Gordon 
Childe (1928,1934). He postulated a theory based on the concept of environmental 
determinism. He used as the basis of his theory the model proposed by Brooks (1924) 
concerning climatic histories, which proposed that glacial regimes in higher latitudes 
corresponded with wetter or 'pluvial' conditions in lower latitudes, so that in the Near 
East the climate during the late Pleistocene glacial maximum would have been 
predominantly wet. He assumed that as the glaciers retreated, so areas such as the 
Near East experienced increasing aridity. This, he proposed, forced people, plants and 
animals in the more marginal zones into increasingly small areas or 'oases' in the 
fertile valleys of the Levant, and it was this which he saw ultimately as the catalyst 
which led human societies to settle in such areas and to exploit the natural resources 
they provided, in a controlled manner. 
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More recent evidence, particularly from palynologists (e. g. van Zeist and Bottema, 
1982; Bottema, 1987; Baruch, 1994) has consistently shown, that contrary to Childe's 
beliefs, the late Pleistocene was actually a cold and dry period, becoming wetter at the 
very time he proposed there had been increasing aridity. Thus, rather than floral and 
faunal species being forced into evermore restricted areas, the milder damper 
conditions promoted the spread of a range of species (Wright, 1968,1976), and thus 
wild cereals, for example, attained the distributions described above. This is not to 
say, however, that agriculture does not owe its origins to some type of 
environmentally deterministic effect. 
More recent analysis of palynological and archaeological evidence has, however, 
recognised that rather than a simple progression to a warmer, wetter climate at the end 
of the Pleistocene, climatic oscillations (Sherratt, 1997) occurred over a period of 
perhaps 4000 years and included an event known as the Younger Dryas, identified 
from numerous sites in northern Europe, which also affected the Near East. This was 
a brief event (c. 11,000 - 10,00013P 14C uncal. ) which saw a rapid return to very cold 
and dry conditions, perhaps on a global scale. It has been recognised in the Near East, 
initially from the pollen record by Rossignol-S trick (1995), and from other pollen 
evidence (Baruch and Bottema, 1991; Bottema, 1995). In the archaeological record at 
Abu Hureyra, Moore and Hillman (1992) have shown that it had a profound effect on 
the human societies there, so much so that the writers demonstrated that the 
population was forced to adjust their economy, and they suggest, had the wider effect 
of prompting Near Eastern societies to adopt agriculture. Others (e. g. Bar-Yosef and 
Belfer-Cohen, 1992) have also concurred with this model, with some such as Rowley- 
Conwy (1997) suggesting that domestication was purely an accident caused by 
climatic change, what he termed 'an unforeseeable catastrophe'. Wright (1993) 
however, sees the same period as leading to the advent of agriculture in a different 
way. He suggests that the dry summers during the period of the Younger Dryas 
enabled the spread of wild cereal stands across the Near East to their distributions 
described above, which was in effect an expansion on his earlier (Wright, 1968,1976) 
models. 
Alternative hypotheses concerning agricultural origins have concerned the apparently 
increasing human populations in the late Pleistocene. Binford (1968) suggested that 
this population increase led to pressure on natural resources in marginal zones, so 
much so that these populations were forced to exploit these resources in such a way 
that it led to their ultimate domestication. Cohen (1977), for example, has also 
proposed a population pressure model. Flannery (1969), had also proposed the theory 
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of the 'broad spectrum revolution', whereby late Pleistocene hunter-gatherers had 
come to exploit a very broad range of floral and faunal resources, compared with 
those of their forbears, partly as a result of population pressure. This idea has been 
supported by numerous other writers since (e. g. Bar-Yosef and Kislev, 1989). As a 
result the populations would be able to cope with periods of environmental stress 
because of the wide range of food resources now at their command. However, 
Edwards (1989), has questioned the nature of a late Pleistocene broad spectrum 
revolution, suggesting that such a range of resources had been exploited as far back as 
the middle Palaeolithic, and was therefore not necessarily related to environmental 
stress and agricultural origins. 
What appears to emerge from the arguments in favour of climatic change and 
population pressure models to explain the rise of agriculture is that there is unlikely to 
have been one individual cause and any scenario is likely to have included a 
combination of factors leading to the adoption of agriculture. Such a multi-faceted 
explanation is summed up by Sherratt (1997) who suggests the improving late 
Pleistocene climate led to a broader resource base being exploited, which then shrunk 
with the onset of the deteriorating climate of the Younger Dryas. However, as the 
populations by this time had learnt to exploit a range of resources, they were able to 
adapt by moving to a more intensive exploitation of certain crops such as cereals, 
leading to human manipulation of these species and thus their domestication. He also 
adds the need for suitable soils on which to grow these crops which he sees as "better- 
watered lowland alluvial soils" (Sherratt, 1997: 279). This is a further factor seen as 
vital in a number of models pertaining to the advent of agriculture and one of direct 
relevance to the subject area of this thesis. 
Clearly for any plant to grow, a fertile soil is a necessary prerequisite. The natural 
precursors to domesticated cereal crops, particularly the wheats, were found in oak 
park forest zones on a range of soil types developed on basalts, clays, marls and 
limestones (Zohary and Hopf, 1988) though with different species having individual 
preferences. During the terminal Pleistocene when human populations were 
expanding and becoming more sedentary, new soil resources were being opened up 
by the warmer, wetter prevailing climate, particularly as Pleistocene lakes retreated 
and rivers deposited increasing volumes of alluvial sediments, on which developed 
hydromorphic soils, ideal for the cultivation of primitive cereals away from their 
natural stands. The fertility of these soils was realised by early agricultural 
communities and thus soil became an important factor in the development and spread 
of domesticated crops. In contrast to other causes of a move to agriculture which were 
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essentially environmental deterministic, this exploitation of 'new' soil resources could 
be seen as environmental opportunism or more specifically as Vita-Finzi (1969) has 
suggested, 'geological opportunism'. Limbrey (1990) refers to this as 'edaphic 
opportunism'. She recognised that cereals, particularly wheat, grew naturally on clay- 
rich basaltic soils on which developed vertisols, ideal for natural cereal growth. 
Vertisols characteristically consist of swelling clays which crack severely on drying 
and swell when wet, but nevertheless tend to be very fertile (Ellis and Mellor, 1995, p 
215). Limbrey (1990) has discussed the 'self-mulching' characteristics of this soil type 
whereby as the soil dries so the surface cracks and becomes loose and horizons below 
develop large cracks, down which the loose soil peds are washed by the first rains. As 
wetting continues so the clay-rich sediments swell and material from lower horizons 
is forced upwards, there is thus a natural vertical mixing of sediment. These are ideal 
for natural cereal growth as seeds become rapidly buried by infiltration through 
natural cracks in the soil surface and are thus 'self-sown' ready for the wetter season 
when growth begins. It is easy to imagine how areas such as the backswamp zones of 
alluvial systems, with their high proportions of swelling clays would be suitable for 
the development of such soils and thus for cereal growth, especially given little or no 
need for soil preparation. Limbrey (1990) suggests that the earliest agriculturalists 
would not necessarily have been aware of the need for soil tillage. Such alluvial clay 
environments were the setting for many early Neolithic agricultural communities as 
Sherratt (1980) has suggested. However Limbrey (1990) has pointed out that these 
areas tend to be somewhat distant from the natural stands of cereals and growth in 
these areas requires some modification of the natural growth characteristics. The 
natural cereals tend to grow mainly during the winter months when there is a 
continuous watering of the soil and ripen during the spring, the actual time depending 
on the elevation of a specific location (Zohary, 1969). However in alluvial areas much 
of the landscape will have been flooded during the wet winter months and sowing 
would not be possible until after recession of floodwaters. Sherratt (1980) has thus 
pointed out the possibility of spring sowing of wheat as a possibility in these areas. 
Limbrey (1990) has also pointed out that this involves a change in the natural growth 
period of the cereals and allied to a change from the natural area of growth implies 
that such alluvial settings saw a secondary phase of cultivation development beyond 
the Fertile Crescent. The initial phase occurred in the areas of the natural stands of 
cereals, with development only happening once human populations had begun to 
understand the growth patterns of the cereals and the possibilities of their 
modification. These secondary agricultural developments on fertile alluvial soils 
spread quite rapidly with plentiful evidence for farming communities settled in these 
environments by 9000 BP in central Anatolia (Roberts, 1982a, 1991) and northern 
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Greece by 8500 BP (van Andel and Runnels, 1995; van Andel et al., 1995), with the 
latter writers and others such as Harris (1997) suggesting this spread was as a result of 
population movement, while others (e. g. Hodder, 1990) contend this was as a result of 
a diffusion of ideas. 
1.2.4 Later Agricultural Spread and Cultural Developments 
Once established in core areas, full-scale agriculture became the basis of numerous 
economies throughout the Near East and adjacent areas. In addition to the early 
developments in Anatolia and central Asia, development spread westwards beyond 
Anatolia and into southern Europe, though whether this movement was one of ideas 
and methodologies, or one of a physical demic diffusion has been the subject of much 
discussion (e. g. Ammerman and Cavalli-Sforza, 1984; Ammerman, 1989; van Andel 
and Runnels, 1995; Zvelebil, 1989; Zvelebil and Zvelebil, 1988). 
From the Neolithic to the Early Bronze Age agricultural settlements proliferated 
across the Near East and during this time two important innovations related to soil 
resources were exploited; the plough and irrigation. The former of these would not 
necessarily have seen effective use on the heavier backswamp soils in alluvial 
environments (Barker, 1985), but would have benefited cultivation on lighter alluvial 
soils. Irrigation allowed cultivation to be practised in more and environments adjacent 
to alluvial valleys (Sherratt, 1980). Irrigation, although difficult to detect 
archaeologically appears to have been practised in the Near East at least since the 
Early Chalcolithic (Sherratt, 1980). Oates and Oates (1976) have demonstrated early 
archaeological evidence of irrigation at Choga Mami in eastern Iraq, and Helbaek 
(1972) has suggested a number of sites of this period where irrigation agriculture was 
practised. More recently Rosen and Weiner (1994) have opened up the possibilities of 
irrigation being recognised at a greater number of sites through phytolith analysis. In 
certain localities, however, such as the slopes of the northern Jazira, along the borders 
of Iraq, Syria and Turkey, crops were still grown primarily using dry-farming 
techniques (Wilkinson, 1990,1998). By the Early Bronze Age agriculture had been 
firmly established across the Near East and Europe on a range of suitably fertile and 
irrigated soils. By this time there had been major increases in population across the 
Near East and the beginning of the development of city states in Mesopotamia 
(Maisels, 1990). However at the end of the Early Bronze Age there were apparent 
environment/cultural changes as evidenced at a number of sites, which saw a major 
depopulation in some areas, such as the Konya Plain of southern Anatolia (French, 
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1970). Varying theories have been put forward for the causes of these far-reaching 
changes, including climatic, human, and combined human and environmental factors. 
At this time there is geoarchaeological evidence, for example from Syria (Courty, 
1994) and south-east Turkey (Rosen, 1997) for the climate in these areas becoming 
drier, which may have led to stress and depopulation in more marginal environments. 
However this is not clearly shown up in the pollen record (van Zeist and Bottema, 
1982), which Rosen (1997) suggests is because of the relative climatic insignificance 
compared with the changes during the Pleistocene-Holocene transition shown by this 
type of evidence. A little later there is also the collapse of some Mesopotamian 
civilisations such as Subir in Syria (Weiss et al., 1993), also linked to increasing 
aridity. There are numerous examples from the Near East and south-eastern Europe 
for human-induced soil erosion and land degradation particularly from the Neolithic 
into Early Bronze Age periods (and during later periods). Van Andel et al. (1986, 
1990) and James et al. (1994), for example, have suggested increased soil erosion 
resulting from intensified land-use at this time in Greece. Poor soil management allied 
with declining climatic conditions can also lead to soil degradation through 
salinization (Jacobsen and Adams, 1958) with disastrous effects for agricultural 
populations in semi-arid landscapes. There have even been suggestions of a cosmic 
cause for dramatic climatic change in the late fifth millennium BP (e. g. Peiser, 1997). 
A study of the soils and sediments suitable for early agricultural exploitation comes 
under the more general heading of geoarchaeology. The thrust of this thesis will of 
necessity be a geoarchaeological one, it is thus worth briefly considering the concepts 
involved in the field of geoarchaeology, before the study area and the aims and 
objectives of the thesis are discussed in the next chapter. 
1.3 Geoarchaeology 
The term geoarchaeology was first applied in the early 1970s and was used as the title 
for a collection of papers concerned with earth science approaches to archaeological 
problems (Davidson and Shackley, 1976). Various papers have been written 
concerning the definitions of geoarchaeology (e. g. Gladfelter, 1977; Leach, 1992) and 
the difference between geoarchaeology and archaeological geology (e. g. Rapp and 
Gifford, 1982; Leach, 1992). Rapp and Gifford would see archaeological geology as 
the application of geological techniques to archaeological problems, and therefore 
essentially, geology. They would see geoarchaeology as archaeology implemented 
using geological techniques. Leach (1992) contends however, that definitions 
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separating the two concepts are more concerned with practical methods and 
techniques rather than the goals of the subject matter and that in this respect; 
"There is no distinction between archaeological geology and 
geoarchaeology" 
(Leach, 1992: 409). 
She does go on though to define the difference between the two concepts in practical 
terms. Archaeological geology she sees as: 
"... the description of the geological aspects of archaeological artefacts, 
sites ... and settings ... in both a spatial and temporal framework. " 
(Leach, 1992: 411) 
whereas she defines geoarchaeology as; 
"... the study at all scales of the direct interrelationships between 
prehistoric humans and their landscape, where the landscape is defined 
as the patterned distribution of resources (geological, faunal and floral) 
in a topographic context. " 
(Leach, 1992: 411) 
Thus geoarchaeology recognises the inseparable link between past human societies as 
recorded archaeologically, and their natural physical environment as recorded from 
soils and sediments. Gladfelter sees geoarchaeology as; 
"The contributions of the earth sciences, particularly geomorphology 
and sedimentary petrography to the interpretation and environmental 
reconstruction of archaeological contexts... " 
(Gladfelter, 1977: 519). 
It can thus involve the study of a wide range of natural sediments and their physical 
stratigraphic relations with a wide range of archaeological' deposit types, and it is 
these latter two definitions which are considered in geoarchaeological approaches in 
this thesis. Geoarchaeology is in effect, along with zooarchaeology and 
palaeoethnobotany, a sub-discipline of environmental archaeology. 
Through various practical methodologies geoarchaeology seeks to fulfil a number of 
inter-related objectives. Firstly, geoarchaeological investigation can establish a broad 
geochronology which may be at a specific archaeological site, within the immediate 
environment of the site or across a broader region. Rosen (1986), for example gives a 
comprehensive account of the complex geochronologies involved with tell sites, and 
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Blackburn and Fortin (1994) have established the geochronology of two mounds at 
Tell 'Atij in northern Syria, showing that they were formerly small islands in the 
Khabur River. In some cases geochronologies may extend over very long timescales. 
Schuldenrein and Clark (1994), for example, have demonstrated a geoarchaeological 
sequence in excess of 100,000 years spanning the late Pleistocene and early Holocene 
for the Wadi el Hasa in west-central Jordan. Once such geochronologies have been 
established and sequences understood it is possible to employ geoarchaeological 
research in a number of subsequent areas of study. 
At the site level the geochronological sequence can be used as a basis to explain the 
structure and stratigraphy at a particular site both in terms of natural and cultural 
sediments, and the relationships between the two. Where a site is situated within an 
actively aggrading alluvial setting, this allows the identification of sedimentary 
episodes prior to cultural activity, during site occupation and following site 
abandonment, as van Andel et al. (1995), for example, have shown in northern 
Greece. Because of the dynamic nature of alluvial environments, geoarchaeological 
approaches may be able to identify rates of sediment accumulation, which may be 
spatially and temporally very variable (Ferring, 1986), and be affected by a range of 
environmental or human-induced factors. 
Once the geochronological sequence at a site is known, off-site sequences can also be 
established. These may contain purely natural sediments or those with some cultural 
elements, possibly from sites with known sediment sequences. In either case 
recognition of similar deposits in on and off-site sequences should enable the 
correlation between the two, and with further sequences recorded the 
geoarchaeological chronology for an area can be understood. The landscape project 
undertaken by Ian Brookes and co-workers in west-central Iran (Brookes, 1989; 
Brookes et al., 1982) is just one example where spatial data can be combined in order 
to understand the geoarchaeological environment. Correlations may also be achieved 
using statistical methodologies and Stevens and Wedel (1995), for example, have 
used Markov-chain analyses to try and identify related processes in varying 
depositional environments across alluvial systems. Once the setting of a site within its 
surrounding geomorphological setting is understood this may also be used as an aid in 
determining the strategy for any subsequent archaeological excavation. 
Further to defining the physical context within which archaeological sites are located, 
analysis of sediment types can be used to inform further the nature of the sedimentary 
setting of sites and thus suggest reasons for sites being established in particular 
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locations. The establishment of numerous early agricultural sites across the Near East 
and southern Europe in alluvial settings, for example, has been explained by the 
fertility of the soil (Sherratt, 1980; Limbrey, 1990), and soils buried by subsequent 
activity have in some cases been preserved, allowing a detailed analysis of their 
composition (see e. g. Limbrey, 1975: 309 - 315). Boerma (1990) has for example 
shown that a soil buried under the Neolithic mound of Hayaz HbyOk in southern 
Turkey was formed under environmental conditions similar to those operating in the 
area today. Thus geoarchaeological methodology may not only be required to 
elucidate the physical environment in which a site developed, but may also be used to 
determine the reasons for the founding of a site in a particular location in the first 
place. 
In addition to defining the landscape in which sites were established and site- 
environment relationships, sediments can also be analysed by various physical and 
chemical techniques (see below) in order that their structure and provenance can be 
ascertained. Thus not only is the physical environment contemporary with occupation 
of a site understood, but the source of materials contributing to the morphology of the 
environment is also known. This can be particularly useful in alluvial environments, 
for example, when trying to map former river courses and analyse inputs from 
drainage basins. Catt and Weir (1976), for example have described the application of 
petrographic techniques in identifying the sources of archaeological sediments. 
Drawing together the above information gathered from various aspects of 
geoarchaeological research it is possible, along with evidence from other disciplines 
such as palaeoecology and palaeoethnobotany, to attempt reconstruction of former 
landscapes, of which the cultural element was an integral part. Pope and van Andel 
(1984) and van Andel et al. (1990) have demonstrated alluvial records from sites in 
northern Greece which suggest cycles of rapid valley alluviation and periods of 
stability and soil development, possibly as a result of human activity. Abbott and 
Valastro (1995) have also demonstrated similar evidence in Calabria, Italy. It may 
also be possible to use geoarchaeological evidence in palaeoclimatic reconstruction. 
Ferring (1986) has demonstrated how changes in climate can lead to substantial 
increases in deposition rates in alluvial environments, and Bintliff (1992) has shown 
how increased sedimentation may be due to concentrated precipitation events. That 
the twin disciplines of geoarchaeology and landscape archaeology are inextricably 
linked has been clearly demonstrated in a number of areas, for example Israel 
(Evenari et al., 1982), North Africa (Barker et al., 1996), and around the 
Mediterranean basin across to the Middle East (Vita-Finzi, 1969,1978). 
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In general the geoarchaeologist has to identify sediments (and their environment of 
deposition) deposited by major agencies, including alluvial, colluvial, aeolian and 
anthropogenic, any of which may have been subject to a broad range of post- 
depositional processes. The importance of coastal sedimentation and environmental 
change has also been realised in the context of geoarchaeological research (e. g. 
Kayan, 1991; Lambrianides et al., 1996). A large number of sites of the later 
prehistoric period (Neolithic onwards) are located in alluvial settings. This dictates an 
alluvial geoarchaeological approach to the study of these sites and their environments. 
This approach needs to consider not only the fine alluvial sediments on which sites 
may be established and possibly subsequently buried by, but also fluvial activity 
which will have moulded the landscape, may have determined the nature of activity 
during site occupation, and may have serious implications for site post-occupation 
chronology. The-overall nature of alluvial geoarchaeology and its methodologies is 
detailed by Brown (1997). Colluvial and anthropogenic sediments are particularly 
important at the site level and in immediately adjacent areas, where they may be 
important not only in understanding site development and associated sedimentary 
chronology, but also in understanding factors such as site formation processes (e. g. 
Schiffer, 1983; Ferring, 1992) which have operated since site abandonment to 
produce the present site morphology. Also at the site level, questions may be asked 
concerning individual activities within restricted areas which can be answered by 
sedimentary analysis at the micro-scale. Soil micromorphology for example has been 
used to identify a range of processes and site activities, and has been widely discussed 
(e. g. Courty et al., 1989; Goldberg, 1992). 
The methodologies employed by geoarchaeologists can vary according to the 
questions being asked of their research. Ideally sedimentary sequences should be 
recorded in open exposures so that full relationships can be understood, and samples 
taken from suitable locations. Sections exposed by recent fluvial activity or human 
activity are ideal for this. Unfortunately such exposures are frequently not located in 
areas where research questions are being asked, and so sedimentary sequences have to 
be recovered by other means. This is normally achieved by coring (Stein, 1986), 
especially on archaeological sites where disturbance of sediments has to be kept to a 
minimum. Whilst this field methodology does not provide a record of full three- 
dimensional sedimentary relationships evident in exposed sections, it does 
nevertheless enable the elucidation of broad geochronologies, and multiple coring 
over an area can permit the construction of a broadly correlated, three-dimensional 
stratigraphic model for that area. 
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Having obtained sediment samples from cores and/or sections, there are a multitude 
of techniques available to the geoarchaeologist for analysing these sediments, which 
will again vary according to the research questions being asked. Geo-chemical 
analysis of soils may be used if questions relating to former land use are being asked 
(e. g. Wilkinson, 1988). If an understanding of depositional environment is required 
then physical analysis of sediments is employed, such as particle-size analysis. Gale 
and Hoare (1991, pp 56 - 96) give a comprehensive review of the techniques involved 
in this analysis. If one is trying to identify source areas of sediments then some type 
of petrographic technique such as heavy minerals analysis is necessary, as outlined 
above. It may be that the intention of sedimentary analysis will be initially to define 
the broad physical and/or chemical nature of a sample in order that it can be related to 
other sediments, and sequences thereby correlated. Thus testing for characteristics 
such as organic matter content (Stein, 1984), calcium carbonate content (Stein, 1984) 
and mineral magnetism (Mullins, 1977) may be used. Only after such measures have 
been carried out can broader questions relating to site and environmental 
geochronology, for example, be tackled. Such work has been carried out in a number 
of instances in the region of the current research and in alluvial settings within this 
region. 
1.3.1 Mediterranean and Near-Eastern Alluvial Geoarchaeology 
Some important alluvial geoarchaeological research has been carried out in the semi- 
and lands which border the Mediterranean basin and south-west Asia. The first 
approach of this kind in this part of the world came with the work of Claudio Vita- 
Finzi in the 1960s (Vita-Finzi, 1969), who saw the need to integrate archaeological 
sites with their surroundings if they were to be fully understood, rather than studying 
them in isolation. This could be achieved by landscape archaeological and 
geoarchaeological techniques (Vita-Finzi, 1978). 
Vita-Finzi (1969) first described a broad two-phase sediment sequence for the late 
Pleistocene and Holocene which he applied across a large area of the Mediterranean 
basin, drawing evidence from North Africa, Spain, Italy, Greece and Jordan, though 
not Anatolia. He termed these the Older and Younger Fill, each burying previously 
incised fluvial and lacustrine features under large volumes of alluvial sediment, and 
the two being visually, clearly separable. He dated the Older Fill to the late 
Pleistocene, with deposition during the period 50,000 to 10,000 BP, and described this 
as a reddish deposit with a range of particle sizes. The Younger Fill, he suggested was 
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deposited far more recently, between the late Roman period (c. 400 AD) and the early- 
modern period, was of a buff to grey colour and consisted mainly of silt and fine 
sand-sized particles. It was suggested that both of these phases were caused by 
climatic factors. Clearly this model has been greatly simplified and has been heavily 
criticised as such (see van Andel et al. (1990) for example, for a summary). Wagstaff 
(1981) for example, was critical of the suggestion that only climatic factors affected 
sedimentary deposition, and drawing from his own work in Greece, suggested the 
involvement of human factors in the deposition of the Younger Fill. Thus, whilst 
providing the first geourchaeological explanation of Mediterranean sedimentary 
sequences, Vita-Finzi's model is far too simplistic and not necessarily comparable 
with subsequent research. Recent work by Tjeerd van Andel and co-workers, also 
critical of Vita-Finzi's simplistic model, has looked at Early Neolithic settlements 
located within alluvial environments in northern Greece (van Andel et aL, 1990, 
1995; van Andel and Runnels, 1995). This has shown alluvial sequences more 
complex than Vita-Finzi's simple bipartite model, and suggested that Neolithic 
farmers were not subject to such constraining edaphic factors in alluvial regions as 
suggested by earlier writers such as Barker (1985), and discussed below (chapter 
eight). Brown (1997, pp 237 - 248) provides a brief overview of further recent alluvial 
geoarchaeological work carried out in the countries to the north of the Mediterranean. 
Other geoarchaeological research has taken place in the Near East and around the 
Mediterranean basin. Evenari et al. (1982) and Barker et al. (1996) for example, have 
included geoarchaeological approaches in marginal desert-like zones, and in other 
cases geoarchaeological research has been carried out at early agricultural sites in 
alluvial environments. Wilkinson (1990,1998) for example has looked at soil 
development and land use at sites as early as the eighth millennium BP in the Jazira 
region of Northern Mesopotamia. 
Unfortunately, in general though, geoarchaeological approaches have not been carried 
out with the same intensity as archaeological excavation and other environmental 
techniques in this region, possibly because of the relatively recent development of 
geoarchaeological techniques and their application in the Mediterranean/Near Eastern 
context. 
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1.3.2 Summary 
Overall, then geoarchaeology is one of a suite of sub-disciplines of archaeology which 
can be used in answering a broad range of questions relating to the natural physical 
environment of which archaeological sites are a part. Indeed it is a necessary requisite 
along with landscape archaeology if archaeological sites and developments therein are 
to be understood in anything more than isolation from their surroundings. In this 
respect geoarchaeology is clearly a key discipline in the elucidation of the 
sedimentary environments of early arable agricultural developments. Not only is an 
understanding of the direct evidence of soil and sediment types important in this 
respect, but equally crucial are the environmental reconstructions which can be made 
from the sedimentary evidence. In the context of this thesis, which will look at 
sedimentary chronologies in an area rich in prehistoric sites, and where some early 
agricultural activity is evident, geoarchaeological methodologies will therefore form 
the major thrust in answering the questions being asked of the research. 
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CHAPTER TWO 
THE STUDY AREA 
2.1 Introduction 
Having reviewed research in the two broad areas of agricultural origins and 
geoarchaeology in the Near East, to which the thrust of this thesis relates, it is 
necessary also, before outlining the actual aims and objectives of the thesis, to be able 
to place the research in its geographical context. This should be done in terms of both 
the regional and local, environmental and archaeological setting. The research has 
been carried out across a broad alluvial environment, but discussion of the 
geographical background must begin with the wider landscape of which this is a part. 
2.2 Anatolia in the Early Holocene 
Butzer (1978) divides the Near East into three sub-regions, of which he includes 
Anatolia (modern Turkey), along with Armenia, Kurdistan and Iran, as part of the 
Northern Highlands. Akman and Ketenoglu (1986) have described how Turkey is 
affected by three climatic types, though most of the country experiences a 
Mediterranean or modified Mediterranean climate. Erinq (1978) has pointed out how 
Turkey lies between arid and humid areas and is therefore sensitive to minor climatic 
changes. At present about one fifth of Turkey is forested Quezel, 1986) in four broad 
bioclimatic-biogeographical zones. 
During the last glacial maximum, it has been estimated that mean summer 
temperatures in Anatolia were 6- T'C lower than today (Butzer, 1978) and the climate 
significantly drier (van Zeist and Bottema, 1982,1991). Consequently much of 
Turkey was covered with a steppe or desert-steppe vegetation, apart from some 
forested areas along the northern coastal fringe and forest-steppe in the west of the 
country (van Zeist and Bottema, 1982). Following the glacial maximum, temperatures 
began to slowly increase, and with the exception of the Younger Dryas, continued to 
do so into the Holocene. Humidity also increased as a result of increased precipitation 
and consequently forested areas began to expand. Initially, during the terminal 
Pleistocene there was an expansion of pine forest, before oak became dominant, 
though this was checked by a reversal, possibly equating with the Younger Dryas 
21 
(Bottema and Woldring, 1984). During the early Holocene much of the coastal area of 
Turkey had become forested as temperatures and humidity rose, though more central 
areas were still dominated by steppe and forest-steppe vegetation. Kuzucuoglu and 
Roberts (1998) give an overview of the changing environmental conditions in 
Anatolia during the critical terminal Pleistocene/early Holocene phase. 
By the mid-Holocene the forested areas had reached their maximum extent (Bottema, 
1978), though a steppic vegetation remained in the harsher and climate of the interior. 
From c. 5000 BP there is evidence of a decline in forests due to widespread 
deforestation by Early Bronze Age societies, and although this may have begun 
during the Neolithic, does not show up in pollen diagrams until much later (e. g. 
Bottema, 1986; van Zeist and Bottema, 1982; van Zeist et al., 1975). By the classical 
period, most of the forests of central Anatolia, had probably been cleared (Ering, 
1978). 
During the glacial maximum, lake levels in Anatolia had also reached a maximum. 
Some of these had been extant during earlier glaciations and others had formed during 
the later Pleistocene cold spell (Ering, 1978; Erol, 1978). The levels of these lakes 
declined as temperatures, and therefore evaporation, increased. Lakes such as Tuz in 
central Anatolia, Burdur in south-west Anatolia and Van in south-east Anatolia 
shrunk as a result of the climate changes, whereas large shallow lakes such as Konya 
in the and interior dried out altogether (see below). 
During the early Holocene there was also the development in western and central 
Anatolia of Neolithic societies which had first appeared further east. The early origins 
of sites such as Hallan I; emi and I; ay6nii in south-east Anatolia and located in the 
northern Fertile Crescent have already been discussed, but within one to two 
millennia settlements had also been established across southern and central Anatolia. 
Sites such as I; atalh6yUk (Mellaart, 1967) and Can Hasan (French, 1962 - 68,1998) 
were established on alluvium freshly deposited on the recently dry lake Konya, others 
such as SUberde (Bordaz, 1966,1973), Erbaba (Bordaz, 1973) and Hacilar (Mellaart, 
1970) were established in basins close to extant lakes, and others such as A51klI 
Hfiyfik (Todd, 1966; Esin, 1991,1996) were established in fertile river valleys. That 
all of these sites were established in southern Turkey has been explained by Roberts 
(1982b) who suggested that further north much denser forest stands had developed by 
this time, which would have provided a natural obstacle to agricultural development. 
Bottema and Woldring (1984) have also pointed out that early farmers would prefer 
alluvial soils with a minimal vegetation cover of steppe or forest-steppe species, as 
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found in southern and central Anatolia. Although sites in this area have been 
described as secondary agricultural developments (Limbrey, 1990, and see above), 
and there is not a clear progression from the sites in the Fertile Crescent to those in 
south and central Anatolia, recent survey, e. g. that by Garrard et al. (1996b) has begun 
to attempt to show the westward movement of 'neolithization'. 
Some of the most important early Neolithic sites were established within the Konya 
basin of south-central Turkey (Figure 2.1), and it is within this area that the research 
for this thesis has been carried out. For this reason the environmental and 
archaeological background to this area should be discussed. 
2.3 The Konya Basin: Environmental and Archaeological Background 
At the time of the last glacial maximum, much of Anatolia was occupied by large 
lakes, particularly south-central Anatolia where the basins of Tuz G61U, Konya, 
Ak5ehir, Bmehir and Sugla all contained substantial bodies of water at this time. 
These have all experienced some level of fluctuation since the time of lake maximum 
as climatic factors varied after this time. In the case of lake Konya such was the 
climatic effect that the lake basin is now essentially dry. 
The Konya basin lies at an elevation of c. 1000 m. a. m. s. l. at the southern edge of the 
Anatolian Plateau, and to the north of the Taurus mountain range (37* 30, N, 33* 00' 
E). It covers a large part of the area between the city of Konya in the west and the 
town of Eregli in the east. The basin does continue to the east of Eregli but is 
considerably narrowed and is here called the Eregli basin (de Ridder, 1965). Today 
the area experiences an and Conti nen tal -Mediterranean climate (Akman and 
Ketenoglu, 1986) with cold, wet winters and hot, dry summers. July temperatures 
average 23*C and those in January, -2*C. Annual precipitation only averages about 
300mm/yr across the basin (falling to less than 250mm in some parts), which permits 
a natural steppic vegetation growth, though there are few traces of this because of 
destruction by modern irrigation agriculture and over-grazing. The nearest wooded 
areas are in the Taurus mountains to the south of the basin, where there are patches of 
oak woodland and juniper-pine and fir forest. On the slopes of the volcanoes of 
Karadag in the centre of the basin, and Karacadag to the north-east, there are patches 
of open forest, though these are being diminished by cutting for fuel. Marsh 
vegetation, for example at Eski Hotamis glila to the north-west of Karadag and Akg6l 
at the eastern end of the basin, has also declined considerably in recent years because 
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of water exploitation for agriculture and the consequent draining of marshland. The 
basin is essentially closed, though there are a small number of karstic sink-holes. 
Water flows into the basin along a number of rivers, particularly from the Taurus 
mountains to the south, and it is predominantly along the southern rim of the basin 
that a number of alluvial fans have formed during the Holocene. Today, however 
there is much intensive irrigation across the basin so natural alluviation is now 
minimal. 
The existence of a large lake in this area was first recognised in the 1930s by Chaput 
(cited in de Ridder, 1965) who recognised a number of sand and gravel deposits and 
valley-side terraces. Since then a number of other workers have reported various fossil 
landforms attesting to a former lake. De Ridder (1965) reports a fossil shoreline at 
1015 m. a. m. s. l. and terraces at 1020 and 1050 m. a. m. s. l. Erol (1978) records evidence 
of five different lake levels, at 1017,1010,1006,1002 and 1000 m. a. m. s. l., the former 
two of which he ascribes a glacial age, and the latter three of which he dates to the 
Holocene. Unlike other significant Anatolian lakes such as Van, Tuz and Burdur 
which originated in earlier glacial periods, lake Konya formed in the last (Wilrm) 
glacial (Ering, 1978). Roberts et al. (1979) have dated the period of maximum lake 
level to between 23,000 and 17,000 BP, though suggest the lake was formed 
sometime before this. 
At its maximum extent palaeolake Konya covered an area of some 4340 km2, with a 
potential catchment area in excess of 20,000 km. 2 (Roberts, 1983), but was no more 
than about 30m in depth, indeed the depth probably did not exceed 15m in many 
places (Roberts et aL, 1979). The lake would have been fed by direct precipitation and 
from the catchment in the Taurus mountains, which de Ridder (1965) has 
demonstrated using heavy minerals analysis on deltaic deposits, also included 
sediments incorporated from the Beysehir-Sugla catchment, further up in the Taurus. 
Roberts (1983) argues for three major lake phases, based on lake terrace levels; the 
first being a high level sometime prior to 30,000 BP, the second, the high phase 
between 23,000 and 17,000 BP and the third, the drying out of the lake after c. 17,000 
BP. Naruse et aL (1997) favour a four phase chronology, though they suggest the lake 
only formed as recently as 23,000 BP. There was then a lake maximum between 
20,000 and 18,000 BP, a further lake level rise between 15,000 and 14,000 BP, and a 
final slight increase c. 11,000 BP, possibly corresponding to the Younger Dryas, each 
high lake level being separated by periods of recession. This clearly conflicts with 
Roberts' (1983) model which sees a general lake recession after 17,000 BP, with lake 
waters being restricted to five sub-basins or secondary depressions, these expanding 
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slightly between c. 12,000 and c. 11,000 BP, possibly as a consequence of increased 
input of glacial meltwater (Roberts, 1991). The model of Naruse et al. must be 
questioned however, particularly as some of the sediments analysed were clearly 
shoreline deposits rather than alluvial fan deposits as claimed. Apart from some 
standing water and marshes in the five sub-basins (at Yarma in the west of the basin, 
Hotanuý in the centre of the basin, in the Hamidiye area to the south, and Karapinar 
and Akg6I in the east of the basin) the basin has been dry since c. 9000 BP. 
KuzucuoAlu et al. (1997) have however, demonstrated fluctuations in the sub-basins 
during the Holocene: evidence from Karapmar points to a marshy environment in the 
early Holocene which then dried up c. 8100 BP (uncal. 14C), followed by two phases 
of lake re-appearance (c. 6400 - 5700 BP (uncal. 14C) and the third millennium BP), 
and drying-up. Kuzucuo9lu et al. (1998) have demonstrated how aeolian dune 
systems to the north and in the central-eastern sector of the Konya basin record 
climatic fluctuations from the late glacial maximum into the Holocene, and using 
evidence from a range of lacustrine, marshy and aeolian sediments, Fontugne et al. (in 
press) have established a detailed sequence of environmental change within the Konya 
basin during this period. 
Erol (1978) refers to the lake as being pluvial, a sentiment apparently also borne out 
by Inoue and Saito (1997), and one which suggests that the lake level reflects in direct 
proportion, the level of precipitation. Roberts (1983), has however re-affirmed that 
pluvial conditions indeed did not affect Anatolia or adjacent areas of northern Iran in 
the later Pleistocene. Rather lake levels were controlled by temperature, evaporation 
and cloud cover. Thus the major phase of lake recession was due to increased levels 
of evaporation rather than reduced precipitation. Only in the minor advances in the 
sub-basins during the Holocene is a wetter climate recorded. 
Today the former extent of the lake basin is clearly traceable from a number of 
landform types which Roberts (1983) divides into shoreline deposits, alluvial 
sequences and sub-basin deposits. The former of these types consist predominantly of 
sand ridges which de Ridder (1965) suggested were 'beyond doubt, former spits, and 
clearly mark the extent of former high lake levels (Figure 2.1). The low-lying sub- 
basins mark the areas into which the lake contracted during the later Pleistocene and 
early Holocene, and the alluvial deposits clearly mark areas where the lake had 
already dried out prior to their deposition. It is on these alluvial landforms that 
numerous prehistoric mounds were founded, clearly demonstrating lake recession 
prior to Neolithic colonisation of the area, though Cohen (1970) has claimed evidence 
of earlier human activity from artefacts in sand ridge deposits, and recent survey 
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(Baird, pers. comm. ) has revealed limited Epi-Palaeolithic-type activity at sites on the 
I; ar*amba alluvial fan. 
Once dried out, the lake bed formed a predominantly flat plain (Plate 2.1), and it was 
onto this surface that a number of rivers flowed and incised during the late Pleistocene 
and Holocene, particularly to the south where water courses were fed from catchments 
in the Taurus mountains. These rivers began to deposit alluvial sediments across the 
plain, resulting in the formation of large alluvial landforms. The agricultural potential 
of the alluvial deposits must have been realised quite early on, as it is upon such 
deposits that the early Neolithic sites of Can Hasan III (on the Selereki (Ibrala) fan) 
and (; atalhbytik (on the I; ar*amba fan) were established. The first of these (French, 
1962 - 68,1998; French et al., 1972) yielded important evidence of an early aceramic 
agricultural community and coring through the mound and adjacent sediments has 
revealed a late Pleistocene/Holocene lake transgression and recession, alluviation and 
cultural activity (Roberts, 1980). The latter (see below, chapter four) revealed 
evidence of a complex early Neolithic (possibly aceramic in the lower levels) culture. 
It has been argued by French (1965b) that populations may have reached the Konya 
plain from the south coast, via the G6ksu valley to the south and that this may have 
served as a prehistoric trade route between interior Anatolia and the coastal periphery, 
though this is unproven. 
it is upon one of these alluvial landforms that the fieldwork element of this thesis has 
been conducted. This work forms a part of the broader KOPAL (KOnya Plain 
PALaeoenvironmental Survey) project, which is a multidisciplinary project led by 
Professor Neil Roberts, focusing on palaeoenvironmental reconstruction in this part of 
Turkey during the late Pleistocene and Holocene, and encompassing a range of 
palaeobotanical, lacustrine and geornorphological data. However the work here is 
restricted to locations across the Car*amba alluvial fan in the south-west of the Konya 
plain, and some description of this feature is necessary (beginning with a brief 
description of alluvial fan formation), before concluding this second introductory 
chapter with a summary of the aims and objectives of the thesis. 
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PLATE 2.1: The Konya Plain, Aerial View Looking North-East 
PLATE 2.2: The Canalised (ýar*arnba River at iýurnra 
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2.4 Alluvial Fans 
Alluvial fans are common morphological features, occurring particularly in and and 
semi-arid environments, though they do occur across a range of climatic and 
environmental settings. They have been described in some detail by a number of 
writers (e. g. Bull, 1977; Rachocki, 1981) and their varied deposits discussed at some 
length (e. g. Bull, 1972). They are flattened cone-shaped alluvial features consisting of 
a range of particle sizes, formed where an active channel, previously laterally 
confined, enters an area where it is no longer confined, such as that which exists 
where lower mountain valleys meet open plains. Traditionally it was thought that 
alluvial fan deposition was caused as a result of a reduction in stream gradient which 
led to a reduction in stream energy and therefore deposition, often caused as a result 
of tectonic activity or climatic change. More recently it has been shown (e. g. Bull, 
1977) that as a stream enters an unconfined area so there is an effective increase in the 
width of a channel transporting water and sediment, there are also reductions in depth 
and velocity and therefore deposition of materials takes place. This may be as water- 
lain or debris flow deposits. As more materials are added to fans so they expand both 
laterally and radially, lateral migration of channels occurring when; 
"... deposition has raised the fan surface sufficiently to favour shifting 
of the stream to an adjacent lower part of the fan. " 
(Bull, 1977: 231) 
Where the deposition is by debris or mudflow then rapidly accumulated lobes of 
material may occur on different areas of the fan. Deposition on fans is essentially 
time-transgressive with the date of sediments on one sector of a fan differing by 
possibly thousands of years compared with those on others. 
The point from which fan development commences is called the apex and it is from 
here that the classic alluvial fan planform. radiates. A classic alluvial fan will exhibit a 
concave radial profile downfan from the apex to the distal edge with an initial steep 
slope levelling out downfan and with thicker deposits at the apex becoming thinner 
downfan. Also along this profile the mean particle size of deposits will be reduced as 
stream movement downfan deposits increasingly finer particles as stream energy is 
reduced. Dissection and entrenchment of the fan surface by channel activity may 
occur as a result of climatic, tectonic or other natural fan development activity 
(Rachocki, 1981), which may slightly complicate particle-size distribution patterns, 
though essentially a pattern of larger boulders and cobbles being deposited close to 
29 
the apex and predominantly oxidised fine sand, silts and clays being deposited at the 
fan periphery, with decreasing sized particles in between, will be maintained. Fans 
occur at a number of locations within alluvial systems, both as elements within 
continuing river systems and as terminal features. 
Fans which develop on essentially flat plains with no outlet are effectively the; 
11 endpoint of an erosional-depositional system. " 
(Bull, 1977: 226) 
As such they receive net alluvial deposition and although materials may become re- 
worked within the fan due to channel shifting and entrenchment, material is not 
evacuated from the system as is the case in other alluvial systems such as plains or 
valleys, or on fans which are linked to trunk streams and constantly entrain fan 
deposits. For this reason alluvial fans may contain complete sedimentary records from 
their time of formation which is rarely seen in other depositional environments, 
though due to re-working of fan deposits such complete stratigraphies are rarely 
observed at a single location 
2.4.1 The Carýamba Alluvial Fan 
The I; ar*amba fan is the largest alluvial feature formed at the southern edge of the 
Konya plain, covering an area of some 474 kM2 (Roberts, 1982a), and with a mean 
slope angle of only 0.04* (Roberts, 1995). In common with other such landforms 
along the rim of the former lake basin it began to form soon after (or possibly during) 
recession of the palaeolake. At present the alluvial feature covers a wide flat area and 
has more in common with an alluvial floodplain rather than the classic alluvial fan 
described above or by Rachocki (19 8 1) or B ull (1977), for example, and also differs 
from some other fans on the Konya plain (Roberts, 1995). It has been described as a 
fan-delta (e. g. by Roberts, 1982a) as some sediment deposition appears to have taken 
place in standing water, possibly receding lake waters. 
The fan-delta was formed by the I; ar5 amba river (discharge, 94 x 106 M3 pa) 
discharging into the south-westem part of the basin from the Taurus mountain range. 
It has been postulated that the I; ar5amba was originally deflected eastwards by a sand 
ridge marking the former southern edge of a high lake level (Roberts, pers. comm. ), 
which is partly borne out by the existence of substantial palaeomeanders, suggesting a 
former eastern flow to the south of this sand ridge well to the east of the current flow 
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of the (; ar5amba (Driessen and de Meester, 1969). However at some point, probably 
in the early Holocene, part of the sand ridge was breached by the river close to the 
present town of GOvercinlik, and about 5km NE of I; umra (Figure 2.1) and fan 
alluviation commenced from here, further out into the former lake basin. There may 
also have been some fluctuation in the size of effective catchment of the Carsamba 
river over time. The, pattern of alluviation on this fan/plain is not a simple one, as it 
appears that not only has the area of the fan increased dramatically during the 
Holocene, but the material deposited has been quite variable. Mapping of the soils of 
the area by Driessen and de Meester (1969) and de Meester (ed. ) (1970) has shown 
fine loamy to clayey soils developed on alluvial sediments to the south of the sand 
ridge and directly north of it, and also along a former course of the river flowing to 
the north-east. These they refer to as Qarsamba Fan Soils. Beyond these to the north, 
heavier, former backswamp soils are recorded, suggesting the deposition of fine 
sediments in a quiet backswamp area of the alluvial landscape (backswamps in 
alluvial terms being areas some distance from the river where very fine sediments are 
deposited by standing floodwaters, coarser sediments having been deposited adjacent 
to the river forming natural banks, or levees). The upper fan sediments, particularly to 
the south and west of (; umra were deposited both by the I; ar*amba and May rivers. 
The present catchment forms quite a small area in the Taurus mountains of about 
1720km. 2, and with a catchment-fan ratio of 3.6: 1 (Roberts, 1995), but it appears that 
during some periods of the Holocene excess floodwater from the Bey5ehir-Sugla 
basin overflowed into the I; ar5amba catchment, increasing the volume of material 
deposited on the I; ar*amba fan and depositing different mineral sediment assemblages 
from those purely from the Qar5amba catchment. This has been demonstrated by 
Roberts (1980) who carried out heavy minerals analysis and re-assessed earlier work 
(de Ridder, 1965), on samples from the area. The conclusion drawn, was that there 
was some overflow during periods of high lake levels during the mid Holocene. 
Because there has been cultural activity over a period of up to ten millennia in this 
area, fan morphology is not just determined by natural processes but also by land-use, 
both on the fan itself, and in the catchment. The I; ar5amba river is now extensively 
canalised (Plate 2.2) and alluvial deposition kept to a minimum. 
Archaeological surveys during the 1950s (Mellaart, 1954,1961,1963b), 1960s 
(French, 1970) and 1990s (Watkins and Baird, 1993; Baird, 1995,1996,1997) have 
shown the existence of numerous occupation mounds dating from the early Neolithic 
through to the medieval period across the fan (see Table 2.1 for a summary of the 
archaeological phases and dates for South Central Turkey). It was as a result of the 
earlier surveys that excavations at the Neolithic and Chalcolithic mounds of 
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(; atalh6yfik were established in the 1960s, and it is the recent re-opening of 
I; atalh6yiik that has enabled the integrated study of which this work is a part. French 
(1970) showed through survey data that as there had been environmental fluctuations 
during the Holocene, so had there also been population changes. This he demonstrated 
with evidence showing increases in the number and size of settlements during 
favourable climatic periods. Following initial colonisation in the Early Neolithic and 
gradual expansion throughout the Neolithic and Early Chalcolithic, there was then 
apparent abandonment during the Middle Chalcolithic (c. 6000 - 5000 BP). 
Settlements then flourished again during the Early Bronze Age with a further decline 
in the later Bronze Age and continuing through the second millennium BC (c. 4400 - 
3200 BP). There was then further expansion during the Iron Age and into the classical 
periods. The more recent survey work has also reflected the Early Bronze Age 
expansion and later Bronze Age depopulation, but suggests the Late Chalcolithic is 
marked by a number of small settlements rather than seeing widespread depopulation 
of the area (Baird, 1997). Environmental causes of these changes have been hinted at 
(e. g. Roberts, 1982a), though Baird (1997) suggests cultural transformations as a 
cause of the latter population decline. 
Archaeological Phase Date (calibrated 14C BP) 
Epi-Palaeolithic Pre 10,000 
Neolithic 10,000 - 8000 
Early Chalcolithic 8000-6500 
Later Chalcolithic 6500-5000 
Early Bronze Age I- Il 5000-4400 
Early Bronze Age 111 4400-4000 
Second Millennium BC 4000-3200 
Iron Age 3200-2300 
Hellenistic 2300-2000 
Roman-Byzantine 2000-1000 
Late Medieval - Early Modem 1000-100 
Table 2.1: Archaeological phases and dates for South Central Turkey 
Beyond the periphery of the fan one encounters the flat landscape of the Konya p am, 
with its weakly-developed, predominantly infertile marl soils, where, until recent 
iffigation projects, there had been little settlement, and consequently very few 
occupation mounds are to found, and certainly none from earlier prehistoric periods. 
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The thrust of this work has thus been concentrated at a number of locations across the 
Qar*amba alluvial fan. Having described the geographical background to the study 
area and also discussed the areas of geoarchaeological research and early agriculture 
to which this thesis relates, this chapter can be concluded with an outline of the aims 
and objectives of the thesis. 
2.5 Thesis Aims and Objectives 
Roberts (199 1) stated that: 
"The sedimentary sequence around Qatal HUy0k remains incompletely 
known and this can only be rectified by further fieldwork, ideally when 
the Neolithic site comes to be re-excavated. " 
(Roberts, 1991: 13). 
This sentiment can be applied to the whole of the (; ar*amba fan and fulfilment of this 
aim would go some way to understanding the geoarchaeological background to 
(agri)culture and environment in this part of the Near East. It is within this realm that 
the aims and objectives of this thesis can be described: 
1. The first aim of the thesis must be to answer Roberts' (199 1) demand. During 
fieldwork for his PhD thesis he was able to core at a number of locations in the 
vicinity of both (; atalh6ytik and Can Hasan and at the latter he was able to fully 
penetrate the Neolithic cultural levels of Can Hasan 111. Using the evidence from this 
and other cores he built up a broad geoarchaeological sequence for the Ibrala 
(Selereki) fan. His archaeological coring at qatalh6yiik was much less complete, 
hence the call for further fieldwork. The re-opening of excavations at I; atalh6yiik in 
1993 enabled the possibility for the first time since the 1960s of collaborative efforts 
between archaeologists and off-site workers, hence the work of KOPAL and the 
Konya Plain archaeological survey was born. 
The area of the Qarsamba fan around Qatalh6yfik has been intensely irrigated, which 
has necessitated the excavation of deep irrigation canals. These provide an initial 
potential for recording Holocene sedimentary sequences close to the site, which 
should be comparable with some of the off-site cores taken by Roberts in 1978. 
Access to the site itself (both Neolithic east mound and Chalcolithic west mound) also 
opened up the possibility of deep coring through archaeological deposits and 
underlying natural sediments for the first time. Information from cores and exposed 
sections should thus allow full Holocene geoarchaeological sequences to be 
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established for this area, including the recognition of the level of alluviation between 
lake recession and site establishment, the nature of surfaces on which site 
establishment took place, and the extent of later alluviation and site inundation. Given 
sites of apparently different age, some understanding of early Holocene cultural/ 
environmental chronology might be expected. 
In addition to the recognition of finer alluvial sediments, including those upon which 
the soils mapped by Driessen and de Meester (1969) were formed, recovery of core 
and section sequences in suitable locations should also permit the recognition of 
coarser fluvial deposits, such as those found in palaeochannels. This would therefore 
enable a greater understanding of former channel morphology and location in addition 
to the nature of flood and overbank deposits. 
2. Having defined an archaeo-alluvial chronology for the area immediately 
around I; atalh8ytik, the second aim is to expand the work to cover the whole of the 
1; ar*amba fan. I; atalh6yiik is a site complex located close to the centre of the current 
fan and although both mounds probably represented important centres during their 
respective periods, clearly cannot be studied in isolation, either culturally or 
environmentally. 
Survey across the fan has clearly shown the existence of possibly hundreds of 
definable sites, mostly upstanding mounds, ranging in age from those contemporary 
with Qatalhbyfik, to those of a more recent historical date. Using a similar approach to 
that employed at Qatalhdy0k, with off-site section recording and on-site recording at 
sites of known age, dated sedimentary sequences across the fan could thus be 
established. 
3. Having defined a series of sedimentary sequences across the 'Qar$amba fan, 
both north and south of the sand ridge, the next aim is to correlate all of the sequences 
in order to develop a fan-wide spatial and temporal-model of Holocene cultural and 
environmental development. It is unlikely that the same sequence would be 
recognised at all locations. The soil maps of Driessen and de Meester show that this 
would not be the case, and clearly sedimentation by a dynamic water course such as 
the i; ar*amba river over a period of perhaps ten millennia will create spatially 
differing patterns of alluvial deposition. 
As the object of this correlation will be to draw up a general fan-wide model, not only 
must each individual deposit be taken into account, but also the regime of which each 
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is a part. Thus it is also necessary to recognise sediments deposited by the same 
regime and differentiate those that were not. Given the number of sequences and 
samples involved, this will inevitably mean the employment of techniques for multi- 
variate grouping and discrimination. 
The model thus defined would therefore allow the discussion of Holocene 
environmental sequences in relation to the major archaeological periods represented 
across the fan, which should permit a greater understanding of the environmental 
setting of sites of different periods, and possibly also provide some explanation of the 
cultural fluctuations detected by archaeological survey. 
4. A fourth objective of this work is to relate the evidence from this study to 
questions of early agriculture. This will consider developments in this region and also 
relate aspects of the broader picture of natural physical resources and early 
agricultural development across the Near East. This can be indirect evidence in the 
form of environmental conditions inferred from the nature of sedimentary sequences, 
and it can be direct evidence, whereby the nature of sediments is assessed in relation 
to questions of agricultural potential and suitability. 
The indirect inferences can be used along with those demonstrated by other sources 
such as the palynological data used to develop models of vegetation and climate 
(Bottema and Woldring, 1984), and also data from other lacustrine sources used to 
infer levels of salinity, lake level fluctuations and therefore climate change 
(KuzucuoAlu et al., 1997). The direct evidence can be related to questions being asked 
by other data being produced by recent work at Catalhbyiik, particularly those 
questions relating to the suitability of soils in the area to the growth of the plants 
recognised through palaeobotanical research (Hastorf and Near, 1997), and those 
inferred from analysis of human remains (Molleson et al., 1996). Sediment data can 
also be related to evidence from further afield where early agricultural development 
also apparently took place in similar alluvial environments (van Andel et al., 1995). 
Having outlined the broad aims and objectives of the thesis it is now necessary to 
discuss the methodologies to be used in achieving these aims and objectives. The 
following chapter therefore deals with the field and laboratory techniques employed 
and the methods used for the generation of data to be used in subsequent chapters. 
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CHAPTER THREE 
METHODOLOGIES 
3.1 Introduction 
A number of practical field and laboratory techniques have been used in order that a 
range of sediment units could be characterised, and ultimately sequences correlated over 
broad spatial and temporal ranges to fulfil the objectives of the research. This section is 
broadly divided into four sections relating to the practical techniques used: the first 
dealing with methodologies employed in the field; the second, discussing laboratory 
based techniques; the third describing presentation of the data; and the fourth outlining 
the methodologies involved in dating sequences and samples. 
3.2 Field Methods 
The fieldwork element of this research was carried out over three summer seasons in 
1994,1995 and 1996. This was initially conducted at the large Neolithic site of 
I; atalhbyfik, where archaeological work had recommenced in 1993 (Hodder, 1993). 
The first season of geoarchaeological research concentrated on the recovery of 
sediments at the archaeological site, and those immediately adjacent to it. The second 
season saw further recovery of deposits in the (; atalh6yiik area with other sites across 
the I; ar*amba fan also being sampled. During the final season, a further sequence was 
recovered from I; atalh6ytik and a small number of other sites to the south and east were 
also sampled. 
As the research was concerned with the recovery of both archaeological and 'natural' 
sediment sequences, two general means of recovery were employed. At most 
archaeological sites the full sedimentary sequence through archaeological materials and 
the underlying deposits was not exposed, and because of time and resource limits, 
excavation through such deposits at a range of sites was unfeasible. Recovery of 
sediment sequences was thus achieved through coring. At each archaeological site this 
would expose a record of the archaeological and underlying natural sequences, but 
would not necessarily cover the full Holocene sedimentary record for a given area. 
Clearly, any natural sediments deposited following the formation of a particular mound 
would not necessarily occur in a sedimentary sequence taken through that mound. For 
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this reason, as far as possible an exposed natural sedimentary sequence was sought out 
close to each archaeological site in order that a full geoarchaeological record could be 
recovered for the area around each site. 
An ideal situation for any one site would therefore consist of a core through in situ 
archaeological deposits and underlying Holocene sediments, allied to an adjacent 
exposure of the full Holocene sedimentary sequence (Figure 3.1). This was achieved at 
a number of sites, particularly (; atalh6yiik, where a number of cores were taken 
through both cultural and natural deposits, and where substantial natural sequences 
were exposed within 500m of the site (Chapter Four). 
However, the sampling at each site was not a simple matter of coring through any part 
of the mound to get a full sequence. The main objective of recovering a sequence 
through cultural and underlying sequences was to enable the placing of the 
archaeological deposits within the overall sedimentary sequence, rather than to penetrate 
the maximum thickness of cultural layers. All of the mounds in the area are the 
remnants of mud-brick-built settlement sites, which accumulated over time as structures 
of successive phases of development were built over earlier levels. The area has also 
witnessed alluvial accumulation throughout the Holocene which has meant that the 
lowest levels of most mounds are below the level of the current surrounding ground 
surface. The top of the east mound at Catalhbyiik, for example, lies some 17m above 
the current surface, whereas Mellaart (1964) reported cultural levels extending 5m 
below the surface. The possible thickness of archaeological deposits is therefore a key 
factor in deciding where to locate a core on a mound, as clearly time would be wasted 
coring at the mound summit through the thickest sequence of archaeological deposits. A 
location on the lower slopes of a mound was therefore considered more desirable. 
On the other hand, because of the site formation processes by which mud-brick mounds 
attain their present morphology following the abandonment of activity on them, simply 
locating a core near the edge of deposits may also not be desirable. This is because 
following abandonment, mud-brick structures erode, and the eroded material becomes 
transported downslope and is deposited towards the periphery of the site. Over a 
number of millennia, therefore, a mound with gentle slopes may evolve, but with no in 
situ deposits located on the outer slopes. Furthermore, in an area of active alluviation 
such as the (; ar*amba fan, not only will eroded mound materials accumulate over 
alluvial sediments, but alluvium may also bury mound materials. With periods of 
alternating colluvial (sediments transported from the mound by gravitational processes) 
and alluvial sedimentation, interdigitation of the different sediment types may occur 
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(Figure 3.1). Therefore a core located at the periphery of a mound may penetrate not 
only redeposited (and possibly stratigraphically inverted) cultural deposits, but also an 
alluvial element, thus giving a false impression of the true chronological sequence. It 
was therefore necessary to carefully consider an ideal core location at each mound, 
between the two extreme positions (Figure 3.1). This is clearly not easy on a heavily 
eroded prehistoric mound, but in most of the mounds cored, location of such a position 
was successful, with interdigitated deposits and thick cultural sequences being avoided. 
Samples were obtained from a total of eighteen different archaeological sites. In 
addition to these, sediment sequences, mostly from recent irrigation ditch cuts, located 
as close as possible to sampled sites, were also recorded and sampled, at a further 
seventeen locations. Most work on archaeological mounds involved coring, whereas 
most exposed sequences could be cleaned up and sampled directly by hand. At a small 
number of sites, Kuslu H6yflk 11 in particular, archaeological deposits themselves had 
been sectioned by irrigation ditching thus exposing full geoarchaeological sequences. 
3.2.1 Coring 
Although a number of techniques are available for the recovery of sediment cores 
(Stein, 1986), most of the coring for this research was carried out using mechanical 
means (Plate 3.1), which was dictated by the thickness of deposits, and by the firm 
nature of much of the sediment stratigraphy. The system used consisted of a 'Cobra' 
motor-driven Eijkelkamp vibro coring system, consisting of Im extension rods, a range 
of Im long open 'gouge' coring heads, and a sealed sampling head for the recovery of 
intact sediment sections. The normal practice was to commence coring using a wide 
bore (100mm) open gouge head, from which samples of the upper metre of material 
could be taken at wide (c. 20cm) intervals. At most sites the upper metre consisted only 
of topsoil and recently reworked colluvial deposits. As greater depths were penetrated, 
then narrower bore coring heads were used, greatly, easing the work of coring. 
Sampling interval was also changed according to the nature of the material being 
recovered. Prior to sub-sampling, materials recovered were recorded in terms of colour, 
texture, consistency and the nature and concentration of inclusions, as clearly once the 
sediment was disturbed, its integrity as an in situ deposit would be lost,, thus preventing 
full and accurate recording of some characteristics at a later date. The extent of each 
sedimentary unit and a basic interpretation were also noted in the field. Care was always 
taken to ensure that sub-samples were taken from the middle of each gouge section, as 
any material towards the edge was liable to contamination from sediments already 
disturbed by coring, and magnetically by the steel gouge itself. Once it was established 
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that coring was close to basal archaeological deposits, normally observable by an 
increase in alluvium/marl, the gouges were replaced by a sealed sampling head with lm 
plastic liners. Samples thus collected could be retained intact, and opened, recorded and 
sub-sampled in more controlled laboratory conditions. This was particularly useful 
when dealing with fine-grained alluvial sediments requiring detailed description and 
finer resolution sub-sampling intervals. Most of this type of sampling was carried out 
using transparent plastic liners in order that general stratigraphy could be observed in 
the field, however a number of samples were also taken using opaque liners, in order 
that sub-samples could be taken for luminescence dating. Samples in both clear and 
opaque liners were immediately sealed at either end to prevent drying-out of the 
enclosed material. Once coring was completed at each site, the core location was 
recorded three-dimensionally using a Geographical Positioning System (see below, 
p42). 
3.2.2 Exposed Sections 
Because of the intensive irrigation agriculture practised across the I; arsamba fan, 
numerous deep irrigation canals have been excavated. These are often cut through all 
Holocene sedimentary deposits and into the underlying lake marl, therefore providing a 
clear record (once cleaned) of the local lithostratigraphic sequence. Because of the 
number of these canals, such a sequence was accessible close to most archaeological 
mounds. As the fieldwork was carried out in summer, the sequence in most cases was 
also not obscured by standing water, because of the significantly reduced water table at 
this time of year. 
Each sequence was cleaned, recorded and sampled (at c. 20cm intervals) to provide a 
clear record of the 'natural' sedimentary stratigraphy at each location, and also to 
provide a check for the adjacent geoarchaeological. sequence obtained through coring. 
Sections were recorded by stratigraphic unit, again with essential characteristics being 
noted before the loss of sediment integrity. Measurements were initially carried out 
manually, but the top elevation of each section and sometimes the interfaces between the 
major sedimentary units were also recorded using the Geographical Positioning 
System. Thus, not only was the three-dimensional location of each site recorded, but a 
check on manual depth measurements was also made. 
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PLATE 3.1: Coring Using a Vibro-Corer at Catalh6yiik 
3.2.3 Geographical Positioning 
All sampling locations visited during the 1995 and 1996 field seasons were accurately 
recorded using a Geographical Positioning System (GPS) consisting of a pair of Leica 
SR261 single frequency receivers, with data processed using Leica SKI software. This 
was operated by Dr David Twigg of the Department of Civil and Building Engineering, 
Loughborough University (Twigg, 1997). The locations of coring sites at I; atalhbyuk 
in 1994 were recorded using the project's Total Station surveying system operated by 
Dr Colin Shell and Tom Pollard of Cambridge University. 
3.3 Laboratory Methods 
Once all samples had been returned to the laboratory, they were subjected to a number 
of techniques for analysing various characteristics of the sediments (Hassan, 1978). It 
was decided to concentrate on analysis of the samples in terms of organic matter 
content, calcium carbonate equivalent content, magnetic susceptibility, colour and 
particle-size analysis. 
Firstly, however, samples taken in liners required opening, recording and sub- 
sampling. Bulk samples from gouges and exposed sections also required further 
recording and sub-sampling once in the laboratory. 
3.3.1 Sample Extrusion and Sub-sampling 
Samples taken in plastic liners were sealed at either end in the field, labelled and 
returned to the laboratory intact. It was possible to extrude the drier samples direct into 
lined plastic guttering. Most cores, however, required cutting open lengthways. This 
was done using an electric circular saw with fine adjustment to ensure minimal damage 
to the enclosed sediment. Each sample was then wrapped in cling film and returned to 
the cut tubing to prevent desiccation. 
Once all of the samples had been opened and temporarily re-sealed, each lm section 
was individually re-opened and carefully cleaned with a clean stainless steel knife to 
clearly expose the stratigraphy, and prevent contamination when sub-sampling. This 
was then carefully recorded for colour (Munsell), texture, consistency, inclusions etc. 
(Munsell colours for all sediments are listed in appendix one). Each section was then 
sub-sampled with I- 2cm. wide segments taken at c. 8cm intervals, or as the 
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stratigraphy dictated (sub-samples were not taken at interfaces between different 
stratigraphic units). Two sub-samples were taken at each point: one of C. JCM3 for loss 
on ignition (see below); and one of C. 1 OCM3 for magnetic susceptibility and particle-size 
analyses (see below). Larger volumes of wider segments were taken for the latter where 
coarser sandy sediments were present. Similar size sub-samples were also taken from 
the bulk samples for the same analyses. 
3.3.2 Organic Matter Content 
The organic matter content of a sediment is related to the nature of the organic material 
originally deposited as a constituent of that sediment, whereas the organic content of a 
soil will reflect both sedimentary organic material and organic material present as a 
result of pedogenic activity. The organic matter content of the latter is therefore a result 
of a complex pattern of processes. Where pedogenic processes are absent due to a lack 
of environmental stability, for example, with continual burial of sedimentary deposits, 
the organic matter of such deposits will decline over time, the decomposition rate 
depending on factors, including temperature, moisture, available oxygen and the nature 
of micro-organisms within the sediment (Stein, 1992). Despite a number of processes 
being involved, resulting in widely differing organic levels in a range of sediments, the 
measure of organic matter content has been widely used as an analytical tool in 
sedimentary and archaeological research. 
Applications within archaeological and sedimentological research involving organic 
matter data have included its use as a parameter in correlating sedimentary sequences 
(Dearing, 1986), attempting to define the limits of past cultural activity at sites 
(Heidenreich and Narratil, 1973), understanding the function of distinct features on 
archaeological sites (Stein, 1984), and comparing archaeological and modem sediments 
in order to evaluate loss of organic matter over time (Mattingly and Williams, 1962). 
Few of the materials recovered during the current research appeared to have undergone 
any pedogenic processes, i. e. there was no soil horizon development. The deposits 
instead, appeared to have been buried cultural, colluvial, alluvial and lacustrine 
sediments. With the exception of the cultural and a few other deposits, there were not 
any obviously organic-rich sediments in the materials sampled. It was therefore decided 
to use organic matter content in this research primarily to characterise, and therefore 
permit correlation of, sediment sequences, and to assess the suitability of individual 
sediments for 14C dating. Organic content was determined using the loss on ignition 
method as this allowed the maximum number of samples to be processed in the shortest 
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possible time (see below). It is accepted however, that this method does not necessarily 
remove intercrystalline water trapped in the lattices of certain clay minerals prior to 
firing of samples, which may lead to artificially high readings of organic content. It 
cannot therefore be compared with organic content calculated using other methods. 
3.3.3 Calcium Carbonate Content 
A second sediment characteristic measured, was calcium carbonate (CaC03) equivalent 
content. Geologically the area around the Konya basin is rich in carbonate minerals, 
with the catchment of the qarpmba River consisting predominantly of Neogene and 
Mesozoic limestones (de Meester, 1970). Some proportion of carbonates in deposits 
across the rar*amba fan will thus have been derived directly from the catchment 
geology. Another source of calcium carbonate in sediments is from re-worked lake 
marl, primarily precipitated out of and sedimented from waters of the palaeolake (Kelts 
and HsO, 1978). It is possible that mollusc shells within alluvial and lacustrine deposits 
may also contribute to carbonate levels (de Ridder, 1965). Neither of these sources will 
have consisted of pure calcium carbonate, indeed limestones often consist of complex 
combinations of calcitic minerals (Rodgers, 1954). For this reason a figure is calculated 
which is a measure of calcium carbonate equivalent, rather than an exact measure of the 
mineral. Although not an exact chemical measure this is still useful in implying levels of 
carbonate within a sample and therefore source. Furthermore it is a very useful measure 
in terms of characterisation and correlation of sediment sequences, and indeed one used 
in previous analysis of Qar$amba fan sediments (Roberts, 1980,1982). 
Calcium carbonate equivalent content is normally calculated from the amount of carbon 
dioxide (C02) within a sediment, which can be derived by various methods. These 
include gas-volumetric methods, whereby the volume of carbon dioxide is measured 
directly following a chemical reaction between a sample and acid (Gale and Hoare, 
1991), or indirectly, whereby the loss in mass and therefore carbon dioxide is measured 
following chemical (Gale and Hoare, 1991) or thermal (Dean, 1974) reaction. In this 
research, carbon dioxide and therefore calcium carbonate equivalent, was determined by 
loss on ignition. 
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3.3.4 Loss on Ignition 
The technique, used to calculate organic matter and carbonate content was similar to that 
outlined by Dean (1974), Stein (1984) and Bengtsson and Enell (1986). For each 
sample the methodology was as follows: 
Clean, dry crucible placed in a desiccator for five minutes to remove any 
residual moisture. 
2. Crucible weighed (A). 
3. Sample placed in crucible and oven dried at 105*C for 24 hours. 
4. Dried sample removed from oven and desiccated for ten minutes. 
5. Dried sample in crucible weighed (B). 
6. Sample placed in furnace and fired at 550*C for two hours. 
7. Sample removed from furnace and desiccated for 15 minutes. 
8. Sample in crucible weighed (C). 
9. Sample returned to furnace and fired at 950*C for one hour. 
10. Sample removed from furnace and desiccated for 15 minutes. 
11. Sample in crucible weighed (D). 
Using this technique, up to 30 samples could be fired in the furnace at a time. Heating 
at 550*C removes the organic matter from the sample and heating at 950*C removes 
carbon dioxide from the carbonates in the sample. Percentage organic matter and 
calcium carbonate equivalent were calculated as follows: 
B-A=E (Dry weight of sample) 
B-C=F (Organic matter content) 
C-D=G (C02 content) 
(F E) x 100 H (% Organic matter content) 
(G E) x 100 1M C02 content) 
Making the assumption that the carbonate in each sample was purely calcium carbonate, 
the calcium carbonate equivalent can be calculated by dividing the C02 content by 0.44 
(the fraction Of C02 in CaC03) (Stein, 1984). It is this measure which is shown in all 
figures. 
As CaC03 equivalent can be measured in a number of ways, there is the possibility that 
different techniques may provide varying results. Fortunately it was possible to test for 
this possibility as five samples from 1978 fieldwork (Roberts, 1980) were available for 
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analysis. These were two samples of alluvium, two samples of marl and one sample of 
sandy material taken from cores near Catalh6yiik on which Roberts (1980) had 
calculated CaC03 equivalent using a gas volumetric method. Sub-samples of the same 
five sediments were subjected to loss on ignition and the carbonate equivalent calculated 
as above. The results from the two analyses can be seen in Figure 3.2. The measures of 
CaC03 equivalent in the first two samples, from alluvium at 125 and 225cm depth, 
500m to the north-east of Catalh6yiik, were very similar using both techniques, as were 
those in the fourth and fifth samples, a sandy deposit from a depth of 330cm, 500m 
north-east of the site and one of marl from a depth of 170cm, 500m south-west of the 
site. Only the third sample, of marl from the same core as samples one, two and four, 
showed a discrepancy in measured CaC03 equivalent between the different techniques. 
This may have been due to some contamination of the field-collected deposit by 
alluvium, leading to differential material being sub-sampled for the two analyses. The 
bulk of the results though, suggested that the two techniques did produce comparable 
figures, with the implication being that results derived from the current research could 
be compared with those derived from other, gas-volumetric, methodologies. 
Ideally, when using the loss on ignition technique replicates of each sample should be 
tested because of the variations that can occur in the composition of a sample. With the 
large number of samples to be processed in this study this would have been unduly 
time-consuming for every sample and so two groups of samples were subjected to 
duplicate loss on ignition experimentation. These were fifteen very variable topsoil and 
bedrock samples taken from differing geological localities across the Car*amba 
catchment (Figure 3.3) and eighteen much less variable samples of marl, fine alluvium 
and cultural deposits from a small site towards the north-east of the alluvial fan (Dolay 
H6yUk, Figure 5.13). The results from the catchment samples showed a little variation 
between first and second samples, but those from Dolay H6yiik exhibited hardly any 
variation at all, and only then in cultural deposits, where a higher degree of mixing in 
the same sediment would not be unexpected. Because of the similarity in results 
between first samples and replicates it was decided to continue loss on ignition tests on 
other samples without duplication. Values of organic matter content and calcium 
carbonate equivalent for all samples are listed in appendices two and three. 
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Figure 3.3: Catchment Organic Matter Content, Calcium Carbonate Equivalent Content 
and Mass-Specific Magnetic Susceptibility of Replicated Samples 
48 
E- = E- E- = 04 04 C4 1-4 P. C'4 C'4 cn "t rý oo C; N 0 -. 4 C'4 
Site / Sample 
00 
',, I ý9 F-I = E- F- 04 F-- ý-4 M W, C4 1: 4 E-4 
C'4 cq F 00 c7s 0 cq 
Site / Sample 
3.3.5 Magnetic Susceptibility 
Measures of the mineral-magnetic nature of sediments is a common aspect of 
geoarchaeological and palaeoenvironmental research. A number of magnetic 
characteristics of sediments can be measured (Thompson and Oldfield, 1986) in order 
to answer a range of questions relating to the nature of sediments. Analysis of magnetic 
properties can assist in correlating sediment 
' 
sequences (Dearing, 1986), or they may be 
used in other correlative ways, such as establishing relationships with particle-size 
distribution patterns (Thompson and Morton, 1979). Magnetic data can be used for 
identifying the source of sediments (Thompson and Oldfield, 1986), or more generally 
applied in palaeohydrological research (Oldfield, 1983). Magnetic characteristics of 
sedimentary deposits may also be used to infer past activity, both in terms of 
anthropogenic (Tite and Mullins, 1971) and environmental processes. Le Borgne 
(1955), for example, noted raised magnetic signals from topsoils compared with 
underlying materials, and Mullins (1977) has demonstrated that high magnetic signals 
may be used to infer topsoil development, even when the parent material gives a low 
signal. Maher (1986), in addition to pointing to soil forming factors having an effect on 
the magnetic signal, also demonstrated that processes further down the sediment profile 
such as waterlogging could alter the magnetic characteristics, and Maher and Thompson 
(1995) have used changes in soil and sediment magnetic characteristics to infer 
palaeoclimatic fluctuations throughout the Quaternary. In addition to providing evidence 
for soil-forming processes, it has also been demonstrated that raised magnetic values in 
water-transported sediments may be used as evidence of topsoil erosion, due to land- 
use changes (e. g. Lagerds and Sandgren, 1994), and where accumulation of deposits 
has been in a suitably controlled environment, such as a cave, the magnetic signal can 
be used as a proxy chronological palaeoclimatic indicator (Ellwood et al., 1997). 
All sediments exhibit some kind of magnetization (reaction to an induced magnetic 
source), this is magnetic susceptibility, though there are five different levels of magnetic 
behaviour (Dearing 1994). These range from ferromagnetism, which is a very high 
level of magnetic susceptibility, not normally found in natural sediments, to 
diamagnetism which is a weak negative form of magnetic susceptibility. A measure of 
magnetic susceptibility can thus be used to differentiate between deposits, and 
characterise individual sediments, providing some indication of their mineral 
composition, and thus source. Magnetic susceptibility is particularly sensitive to 
changes in ferrimagnetic minerals (Maher, 1986). 
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When measuring using a magnetic susceptibility meter, a figure is given which is a 
measure of the ratio between the magnetization produced in a sample and the magnetic 
field imparted. This is termed the volume magnetic susceptibility, 1C. This is measured 
and recorded on a scale of 10-5 dimensionless units. To allow for different densities 
between samples, a measure of mass specific magnetic susceptibility (X) may be made 
where the mass and volume of the sample are known: 
x= K-i- P 
Where p= bulk density of sample (kg gM-3) 
This provides a more accurate figure, particularly useful in determining subtle trends 
within groups of readings. For this reason this was the figure calculated in this work. 
Mass specific magnetic susceptibility is expressed in units of M3 kg-I and a key value is 
one of 0.1 M3 kg- 1. This is because (with a few exceptions) samples with readings 
below this tend to be dominated by low susceptibility paramagnetic minerals such as 
carbonates and silicates, whereas samples with readings above this are dominated by 
much higher susceptibility ferrimagnetic iron minerals (Dearing 1994). 
Measurement of mass-specific magnetic susceptibility was carried out using the 
following methodology: 
Firstly, each sample was transferred to a ceramic crucible and oven dried at 35*C for a 
minimum of 72 hours. (Temperatures in excess of 40*C can cause thermal alteration in 
iron hydroxides and iron sulphides may be affected by oxidation (Dearing 1994)). Once 
dry the sample was gently disaggregated using a pestle and mortar. 
The sample was then ready for magnetic susceptibility readings to be made. This was 
done using a Bartington Instruments MS2 magnetic susceptibility meter with a 
Bartington Instruments MSIB low frequency sensor. Readings were taken on a high 
resolution 0.1 ic interval scale. 
Ideally magnetic susceptibility measurements should be carried out in a room with 
controlled conditions (Dearing, 1994), including constant air temperature and pressure, 
and in isolation from metallic surfaces and magnetic sources. However, such facilities 
were not available for the current research and quite considerable thermal drift was often 
observed during experimental readings, sometimes over very short time intervals. 
Therefore, using a combination of the suggested methodology (Dearing, 1994), and 
results from this initial experimentation, showing that the laboratory conditions were 
not ideal for measurement, the following methodology was employed for each sample: 
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1. Sensor attached and MS2 meter turned on, allowing it to 'warm up' for at least 
thirty minutes prior to use (this prevents excessive drift in early readings). 
2. l0nýfl plastic sample pot weighed (PI). 
3. Pot tightly packed with disaggregated sample to the brim. 
4. Meter zeroed. 
5. Background air reading on meter recorded (M). 
6. Sample inserted in sensor and reading taken (M I). 
7. Sample measurement repeated twice (M2, M3)- 
8. Sample removed and second air reading taken (A2)- 
9. Full plastic pot weighed (P2)- 
This allowed the calculation of mean magnetic susceptibility taking account of 
background interference (thermal drift). By weighing the sample, mass specific 
magnetic susceptibility could be calculated. Mean magnetic susceptibility, taking 
account of background readings was calculated as follows: 
((MI + M2 + M3) / 3) - ((A, + AD / 2) = Mean magnetic susceptibility (ic) 
Mass specific magnetic susceptibility was simply calculated as follows: 
x1f = ic / 
Where Xlf = low frequency mass specific magnetic susceptibility, 
ic = mean magnetic susceptibility, 
P= W2 PI) /V 
P2 - PI Sample mass 
v= constant (volume JOCM3). 
Duplicate samples were also measured on material from the catchment and Dolay 
H6yfik as they had been for loss on ignition (Figure 3.2; Figure 5.13). These also 
showed negligible differences in readings, particularly in the Dolay samples, thus 
negating the requirement to carry out duplicate measurements on all samples. Further to 
the general duplication of tests on materials from these sites, repeat magnetic 
susceptibility measurements were made on sediments from cores and sections at 
Musalar H6yiik and Dedeli H6yUk (Chapter Five, Figures 5.2 and 5.6). The first sets 
of results had revealed very high magnetic readings throughout the sediments from both 
of these sites, compared with similar materials from other locations. Although the 
replicate measurements did exhibit slight variations from the initial results, the patterns 
of high magnetic susceptibility initially observed, were upheld, pointing to a 
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consistency of results with the methodology employed. Mass-specific magnetic 
susceptibility values for all samples are listed in appendices two and three. 
3.3.6 Particle Size Analysis 
The fourth sediment characteristic used in this research was particle-size. Unlike the 
former three measures, which define single values for each sediment characteristic, 
particle-size analysis of a single sample produces a whole range of data relating to a 
combination of particle characteristics. Its effectiveness as a technique has been 
summed up as follows: 
"Particle size and particle-size distribution are amongst the basic physical 
properties of geological materials. The determination of these parameters 
is therefore essential in any attempt to characterise fully the lithology of 
unconsolidated rocks. " 
(Gale and Hoare, 1991: 56) 
and; 
"It helps in the understanding of processes of transport and deposition 
of sediments, both at present and in the past, and it is therefore 
important in studies of contemporary processes and of 
palaeoenvironments. " 
(Briggs, 1977: 55) 
Particle-size analysis can be used to characterise sediments in terms of the range and 
distribution of the individual particles contained therein, and can be carried out on data 
derived directly from particle-size distribution curves (e. g. Spencer, 1963), or statistical 
techniques can be applied to such data to produce more detailed characterisation (e. g. 
Davis, 1970). Other writers have preferred to characterise sediments using summary 
statistics derived from the original data (e. g. Inman, 1952; Folk and Ward, 1957). 
The particle-size characteristics of a sediment may be influenced by a range of factors, 
including the nature of the source material, weathering and soil-forming processes, and 
transport and deposition processes (Gale and Hoare, 1991). A number of writers (e. g. 
Klovan, 1966) have also shown how depositional environments can be determined 
from particle-size data (see Gale and Hoare, 1991 for a review), whilst it has also been 
demonstrated how particle-size characteristics can be correlated with other sediment 
features such as magnetic susceptibility (e. g. Thompson and Morton, 1979). 
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When studying sediments purely in terms of particle characteristics then the full range 
of size data is desirable for a full description of the material (Davis, 1970) and 
determination of environmental factors. However, when a number of factors are used to 
classify sediments, as is the case with the current research, then summary statistics 
provide a far more workable data set. 
The particle-size analysis for this research employed the same samples prepared for 
magnetic susceptibility work, though because of the time taken for fine particle size 
analysis, only selected sediments were analysed. This involved initially passing the 
samples dried and disaggregated prior to magnetic susceptibility measurements through 
a series of sieves of mesh sizes, 8mm, 4mm, 2mm, Imm, 500gm and 250gm. The 
residue held in each sieve was then weighed and the proportion of material in each 
division calculated. The fine sediment passing through the 250gm sieve was also 
weighed and this, as a proportion of the total sample, calculated. 
The fine fraction was then analysed using a Micromeritics X-ray Sedigraph 5100, 
d riven by dedicated software. 3g of each sample was mixed with c. 40ml of 0.2% 
sodium hexametaphosphate ((NaP03)6) solution dispersing agent and subject to at least 
30 seconds ultrasonic dispersion. Each sample was then loaded into the sedigraph and 
analysed, the percentage of the <250gm material as a fraction of the whole sample 
being keyed in, to enable calculation of total particle distribution statistics. The output 
from each analysis consisted of a hard copy of tabulated particle-size data and a 
cumulative particle-size graph. Hard and soft copies of each analysis were saved, the 
former being used to calculate particle distribution statistics and the latter as backup. 
Samples were measured down to particle sizes of between 2 and 0.2gm, acc - ording to 
the' nature of the material. The results from the sedigraph were combined with the 
manually sieved data to produce a full particle size distribution for each sample. 
Calculations of a number of particle-size data were then made, in addition to the 
calculations made during the analysis. In most cases more than 50% of a sample was 
finer than 250gm and so the software automatically calculated the median particle 
diameter. It was also possible to read the sand, silt and clay percentages from the 
tabular and graphical outputs, British Standards definitions for these sediment types 
being employed (sand = 2mm - 63gm; silt = 63gm - 2[im; clay = <2[tm). There were 
also small quantities of gravel-sized material in a few samples, though for basic 
sediment description and lithostratigraphic illustration (see below) sand-silt-clay ratios 
were' sufficient. The particle size classes for alluvial sediments were those used in the 
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Soil Survey Field Handbook (Hodgson, 1974). Summary statistics for particle 
distribution characteristics were also calculated. 
Most samples analysed exhibited large particle-size ranges, in some cases from >8mm 
to <0.2gm. Because particle size ranges can cover a number of orders of magnitude it is 
convenient, and acceptable in sedimentology (though less so in archaeology) to 
represent particle-size on a logarithmic scale, indeed the sedigraph graphical output is 
on a semi-logarithmic scale. The scale most frequently employed is the Phi (0) scale 
(Krumbein 1934). Phi is calculated thus: 
ý : -- -1092(D / DO) 
Where: 0 is the particle size (phi units) 
D is the particle size (mm) 
Do is the particle size at the origin of the phi scale (1.00mm) 
(Gale and Hoare 1991, p57) 
or: 
0=- (loglo D/ loglo 2) 
(Units as above) 
Thus I . 00mm. ý 0.000,0.5mm, = 1.000,0.25mm. = 2.000,0.125mm. =3 . 000 etc. and 
2.00mm. = -1.000,4.00mm = -2.000,8.00m. m. = -3.000 etc. This was the scale 
employed in this research and calculations of graphic mean particle size, inclusive 
graphic standard deviation (level of sorting), inclusive graphic skewness and graphic 
kurtosis of particle distributions were made which could then be used in general 
sediment description and characterisation as well as more detailed statistical analysis 
(q4apter Six). These four summary statistics were calculated using the formulae of 
Folk and Ward (1957), that utilise various phi percentiles of the cumulative grain-size 
distribution. These were the 5%, 16%, 25%, 50%, 75%, 84% and 95% intervals. A 
given percentile On (phi units) is the particle size which n% of the sample is finer than, 
e. g. the particle size at the fifth percentile is where 5% of the total sample is finer than 
this value. The phi values were calculated as follows: 
Mean: Mz = (016 + 050 + 084) /3 
standard Deviation: (y, = [(084 - 016) / 4] + [(095. - 05) / 6.6] 
Skewness: Sk, = 016 + 084 - (2020) + 05 + 095 - (2050) 
2(084-016) 2(095-05) 
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Kurtosis: KG = (ý95 - e5) / [2.44 (ý75 - ý25)] 
Where On is the particle size in phi units for a given percentile. 
Folk and Ward (1957) also produced verbal scales for sorting (standard deviation), 
skewness and kurtosis in order to quantify particle-size distribution characteristics. 
The particle-size analysis therefore produced four summary descriptions of particle 
distribution for each sample and a total of eight variables (sand, silt and clay 
percentages, median grain size, graphic inclusive mean, standard deviation, skewness 
and kurtosis) for use in more detailed statistical analysis of sediments. 
It was accepted that combining results from manually sieved and x-ray analysed 
techniques would lead to two sets of figures defining particle-sizes in different ways. 
However it was the only option available for analysing full particle-size ranges. 
Fortunately the majority of samples analysed were of very fine material, so that the 
whole size-range was calculated using the sedigraph data. 
It is normal practise to remove organic matter prior to particle-size analysis, usually 
with sodium peroxide (H202) solution (e. g. Gale and Hoare, 1991). This is time 
consuming and so an experiment was carried out on three samples in order to determine 
the difference in results using material treated with peroxide, that with organic material 
removed using the loss on ignition technique, and that which was untreated. The 
materials used were a colluvial deposit, backswamp clay and a mixed alluvial clay and 
marl deposit. The <250grn particle distribution curves for the three treatments on all 
three samples are shown in Figure 3.4 (this data is derived directly from the sedigraph 
output which is plotted as a reversed abcissa, all other particle-size graphs are plotted 
conventionally). Figure 3.4a shows the curves for the colluvial deposit. These are 
similar for the peroxide and untreated samples, with the two curves diverging at a 
particle size of below c. 8gm, the untreated material always exhibiting a finer 
distribution, possibly denoting the presence of organic material. The curve for the heat- 
treated sample showed a massive digression from the other two, some change in the 
sediment structure clearly having taken place during firing. The patterns for the other 
two deposits was similar to that of the colluvium, though with increased similarity 
between the peroxide and untreated curves for the mixed marl and clay (Figure 3.4b) 
and almost identical curves for the backswamp clay (Figure 3.4c). The loss on ignition 
treated material showed a similar divergence from the other two curves as in the 
colluvium. 
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Clearly, removing organic matter from a sample using the loss on ignition technique for 
particle size analysis was totally unacceptable on this evidence. The curve produced 
from the analysis of material treated in this way suggested a much coarser particle 
distribution than was actually the case, probably due to the fusing of finer particles in 
the furnace. However the curves for peroxide-treated and untreated samples were very 
similar, especially for backswamp clay. For this reason it was decided to continue 
particle-size analysis using untreated samples because of the time saving from not 
carrying out peroxide treatment, and the negligible difference in results produced, 
although it should be borne in mind that organic material was present if comparisons 
with results from other work are being sought. 
Overall, a total of 1083 samples (including duplicates and those used in experimental 
methodologies) from 38 sequences (and other isolated samples) covering the whole 
range of deposits were analysed for organic matter content, CaC03 equivalent content 
and magnetic susceptibility. 358 samples were also subjected to particle-size analysis, 
though the only particle-size data relating to cultural deposits discussed in this thesis is 
that from I; atalh6yiik. A breakdown of the number of samples from each site subjected 
to each of the analyses is shown in Table 3.1. 
SITE L. O. I. 
Mag. Sus. 
Particle-Size SITE L. O. I. 
Mag. Sus. 
Particle-Size 
Catalh6yUk 393 125 Kuru 31 9 
Agadami 43 13 Kuslu 1 40 9 
Avrathani 47 44 Kuslu 11 28 14 
Boyall 58 19 Musalar 51 41 
Dedeli 30 22 Okqu 60 26 
Dolay 18 9 Sircak 12 3 
Kizil 1 51 14 Torundede 53 13 
Kizil 11 29 8 Crfirndii 62 18 
Y%izlar 47 
1 11 1 Catcfment 1 30 - 
F I I Totals 1 1083 358 
Table 3.1: Numbers of physical analyses for all sites (L. O. I. = Loss on Ignition) 
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Figure 3.4: The Effect of Different Treatments of Samples Prior to Particle Size 
Analysis; a. Colluvium (Musalar H6yfik Section); b. Mixed Alluvial Clay and Marl 
(Dedeli H6yflk Section); c. Backswamp Clay (Musalar Hbyiik Section) 
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3.4 Data Presentation 
Treatment of all samples using the techniques outlined above resulted in the production 
of a large volume of data relating to a range of sediment types. These results then 
required presentation, broad discussion and correlation of sequences and more detailed 
statistical analysis of the data sets produced. 
All of the data concerning organic matter content, carbonate content and magnetic 
susceptibility was entered into Excel 4 spreadsheets, where all of the necessary 
calculations to produce the results required were made. Histograms were plotted from 
the spreadsheets, showing the various data against absolute elevation (m. a. m. s. l. ), and 
these were then exported into the Aldus Freehand graphics package. Here all three 
histograms from each site (six where core and section data are shown together) were 
plotted vertically and the lithostratigraphy, derived from field description and particle- 
size analysis plotted alongside (Chapter Four, Figures 4.2,4.4b, 4.5 - 4.8; Chapter 
Five, Figures 5.2 - 5.16,5.18). Each figure thus shows the absolute elevation of each 
core and section to enable broad correlation (see below). Core and adjacent section 
sequences are shown together in order to condense graphical representation of data and 
to allow quick visual correlation of adjacent sequences. Curves for the measured 
characteristics are shown in two different ways, according to the sampling methodology 
employed. Where samples were taken at regular intervals (usually 8cm for cores and 
20cm for sections) the mid point was plotted. Where fewer samples were taken of large 
units (such as one sample per unit) then the inclusive extent represented by the sample 
was plotted, e. g. if one sample was taken per unit then the whole unit was given the 
value of that sample. 
Graphical representation of the broad sediment type sequences at each site, plotted 
against the first three sediment characteristics, allows broad visual inter-site correlations 
to be made and gives a first glimpse of the general patterns that may be observable. 
However, more detailed multivariate statistical analysis of a wider range of sediment 
characteristics is necessary to identify more accurately similar deposits at differing 
locations and therefore begin to reconstruct the broad spatial and temporal extent of 
individual sediment units (see below, Chapter Six). 
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3.5 Dating 
A number of criteria were used in selecting the sites to be studied for the current 
research. It was essential to have a broad spatial coverage across the Qar$amba fan, and 
it was equally important to have a broad temporal coverage. Where possible, it was also 
hoped to target sites where there had only been single phases of cultural occupation, in 
order that such phases could be confidently and accurately placed within the overall 
geoarchaeological chronology. The initial selection of sites was therefore based on 
published survey work (MeIlaart, 1961,1963b; French, 1970), compiled from 
collections of artefactual material. However, more recent work (e. g. Watkins and 
Baird, 1993) has re-assessed the findings of much of the earlier survey, and as such 
work is still ongoing, under the directorship of Dr. Douglas Baird of Liverpool 
University (Baird, 1995,1996,1997), it is this more recent dating that has been used in 
site selection. Indeed much of the current fieldwork has been carried out in conjunction 
with that of Dr. Baird's research. 
Although this survey work provided broad archaeological dates for all of the sites 
I 
studied, sediments underlying sites and those exposed in sections could clearly not be 
accurately dated by archaeological association. A number of suitable sediments were 
therefore sampled from cores and sections for dating using chronometric methods. 
The first of these was conventional radiocarbon (14C) dating. Ideally, materials which 
are high in natural carbon content such as wood, charcoal and peat should be used to 
date the sediments in which they occur (Goh and Molloy, 1978). Unfortunately they are 
frequently absent and so it is necessary to carry out dating on the fine organic 
components of a sediment when it is often advisable to separate the different organic 
fractions (see e. g. Brown, 1997, p 50). Three organic-rich deposits from Qatalhdytik 
core 95F, Avratham H6y0k and Kizil 116yUk I, and charcoal from a prehistoric pit at 
Ku*lu Hbyfik II were subjected to radiocarbon dating. Samples were oven-dried at 
35*C for 72 hours and dating was carried out at the Beta Analytic laboratories, Miami, 
Florida (Table 3.2). The dates were produced using the Libby 14C half life of 5568 
years, with approximate calibrated dates (in brackets) being calculated using the 
calibration curves of Stuiver et al. (1993), Vogel et al. (1993) and Talma and Vogel 
(1993). 
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Sample No. Site Sample Type Uncalibrated 14C Date 
Beta 90019 Avratham H6y0k Organic clay, 330 - 8700 ± 100 BP Core 340cm. depth (9635 BP) 
Beta 90020 QatalhbyUk Core Organic Cultural 6760 ± 80 BP 
95F Deposit, 387 - (7555 BP) 394cm depth 
Beta 90021 Kizil H6y0k I Organic clay, 430 - 8330 ± 120BP Section 470cm. depth (9365 BP) 
-Beta 90022 
I 
Ku*lu Hbyiik 11 Organic pit-fill 3430 ± 100BP 
Section B/C 1 1 (3680 BP) 
Table 3.2: Uncalibrated 14C Dates (Figures in brackets are approximate calibrated ages) 
Coarse (sandy) unexposed sediments were subjected to Optically Stimulated 
Luminescence (OSQ dating. These were samples taken in opaque tubing to avoid 
sunlight contamination. Mostly these were taken during coring but some samples were 
taken from sections where short lengths of tubing were inserted horizontally into the 
deposits. The dating was carried out by Dr Romola Parish at the Universities of Sussex 
and St. Andrews (Roberts et al., 1996). A total of sixteen samples were dated in this 
way, mostly from cores and sections at I; atalh6yiik but also from a core at Boyali 
T6mek (Table 3.3). Each 14C and OSL date was also added at the relevant position on 
the illustrated lithostratigraphy for each core and section (Figures in Chapters Four and 
Five). 
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CHAPTER FOUR 
(; ATALHOYlOK: A CASE STUDY 
4.1 Introduction 
Field survey in 1958 (Mellaart, 1961,1963b) first drew attention to the large number of 
early Neolithic and later prehistoric occupation mounds in the south-western Konya 
Plain, and included the crucial discovery of the important, complex agricultural and 
religious settlement of (; atalhbyUk. Situated some ten kilometres north-east of the town 
of Qumra, the site consists of two mounds located on what nowadays is a gently 
sloping alluvial plain, formed by the Car*amba River. Indeed, the east and west 
mounds were formerly separated by the I; ar*amba, prior to its twentieth century 
canalisation and diversion. The alluvial deposits in turn overlie lacustrine marl, exposed 
following the drying up of palaeolake Konya during the late Pleistocene. 
Following the discovery of the site, four seasons of archaeological excavation were 
carried out, mainly on the east mound, directed by James Mellaart (Mellaart, 1962; 
1963a, 1964,1965a, 1966). There has also been much publication concerned with 
post-excavation aspects of work at the site (Angel, 197 1; Bialor, 1962; Burnham, 1965; 
''I Ferembach, 1970; Helbaek, 1964; Ryder, 1965), and more general synthesis (Mellaart, 
1967; Todd, 1976). A number of scholars have focused on questions relating to the 
palaeoenvironmental history of this region of south-central Turkey (e. g. Erol, 1978; 
Bottema and Woldring, 1984), and others have addressed the relationships of this to the 
archaeology of Catalh6yiik and contemporary sites in the area (Cohen, 1970; Roberts, 
1980,1982a, 1991). The latter writers were particularly concerned with sedimentary 
evidence from cores taken in the Konya Basin, though relatively little 
palaeoenvironmental work has been done at Catalh6yok itself. More detailed studies 
have been carried out at other early sites in the basin notably Can Hasan (Roberts, 
1980; French et al., 1972). Previous work at (; atalh8yiik has raised a number of issues 
regarding the nature of the sedimentary chronology before, during and after occupation 
of the sites, and the implications this has for the spatial and temporal study of the wider 
area. This too, is a major theme followed in this thesis. Previous writers have described 
conflicting arch aeo- alluvial sequences at the site, which has led to differing 
i nterpretations of the later Quaternary geochronology of the area. One reason for the 
lack of clarity has been the, as yet, incomplete record of what is clearly a complex 
geomorphological sequence. 
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In 1993 a new, long-term project was begun at I; atalh6yUk, under the directorship of 
Professor Ian Hodder of Cambridge University (Hodder, 1993; Hodder (ed. ), 1996; 
Hodder and Matthews, 1998). This project has seen the establishment of a new 
programme of excavation and extensive post-excavation work carried out by a large 
number of specialists. This has also allowed a re-examination of some of the finds from 
Mellaart's research (e. g. Molleson et al., 1996). The 're-opening' of r'atalh8yfik has 
also enabled further geornorphological work to be carried out at the site. Work has thus 
recommenced in the area to establish more detailed sedimentary sequences through 
systematic coring and recording of exposed features. 
Although the site of I; atalh6yiik consists of two mounds, the majority of work carried 
out has concentrated on the larger, and apparently earlier, east mound. Limited 
archaeological excavation (Mellaart, 1965a) and palaeoenvironmental coring (Roberts, 
1980) had also previously been carried out on the west mound. The current work, 
whilst being concerned with sedimentary sequences at both mounds, also relates to the 
broader Holocene deposits in the surrounding area, thus putting the archaeology into its 
regional, physical environmental context. 
Between 1993 and 1996 twelve sedimentary sequences (cores and sections) were 
recorded, sampled and analysed from locations on both mounds, between the mounds 
and at sites to the north and south of the mounds (Figure 4.1). These sequences 
consisted of cultural materials, both in situ and secondary, fine alluvial sediments, 
coarser fluvial deposits and lake marl, and as will be seen below have been used to 
build up a broad Holocene geoarchaeological chronology for this area of the Car*amba 
fan. This, it is hoped, can then be used as a basis for building up a fan-wide 
chronology once other sequences further afield are considered (Chapters Five, Six and 
Seven). 
In this chapter the individual sequences at Qatalh6yUk will be discussed, starting with 
those that have exposed 'natural' alluvial sediments north and south of the mounds, and 
then sequences containing coarser fluvial materials, both between and to the south of 
the mounds. Finally, cores taken through the mounds, which have included 
archaeological, alluvial and lacustrine sediments, will be described. The sequences will 
then be correlated in order to define , 
the overall geoarchaeological chronology of the 
qatalhbyiik area, and the findings discussed. This will not only take into account the 
findings from the current work, but will include data from earlier research (Mellaart, 
1964; Cohen, 1970; Roberts, 1982a), so that these may also be incorporated in a 
general chronology, or refuted where necessary. 
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4.2 Fine Alluvial Sequences 
Two recorded sequences, one to the north and one to the south of the mounds, 
contained sedimentary deposits undisturbed by any apparent human activity, and 
therefore appeared to provide ideal natural sequences against which to check those 
through the mounds (below). These sequences came from a core (94B) to the north of 
the mounds, and an exposed section in the side of an irrigation ditch (95PCI) to the 
south of the mounds (Figure 4.1, Plate 4.1). 
4.2.1 Core 94B 
This core (Figure 4.2) was taken some 60m north-west of the east mound (Figure 4.1). 
No cultural deposits were observed. The core consisted of an upper metre of hard, 
brown (IOYR 3/3) alluvial silty clay, becoming slightly crumbly with depth, with 
occasional carbonate nodules. This overlay 1.6m of darker greyish-brown (IOYR 3/2), 
heavy clay, again with occasional carbonate nodules, with the interface between the two 
at an approximate elevation of 1002.1 m. a. m. s. l. The clay overlay grey (2.5Y 6/2 - 7/2) 
lake marl. 
Only six sub-samples were taken from core 94B in the field and these were further sub- 
sampled for laboratory analysis. Unfortunately only one sample of the upper alluvial 
unit was taken in the field and so a range of values for the measured parameters was not 
available. Analysis of the sample showed the material to be a silty clay with an organic 
matter content of 4.11 %, CaC03 equivalent of 22.41 % and mass-specific magnetic 
susceptibility of 0.56 gM3 kg-1. Three samples of the lower alluvial unit were taken, 
with particle-size analysis showing each to have a clay content in excess of 60%. 
organic content, CaC03 equivalent and mass-specific magnetic susceptibility were all 
slightly variable (4.9 - 5.5%, 13.5 - 19.4%, and 0.2 - 0.4 gM3 kg-I respectively). Two 
samples of the lake marl were taken. These exhibited organic contents of about 4%, 
CaC03 equivalents of 45 - 55% and mass-specific magnetic susceptibilities of below 
0.1 gM3 kg-1. This was consistent with the assumed nature of this deposit, Le. a 
carbonate rich authigenic lake deposit (pure calcium carbonate actually has a slightly 
negative mass-specific magnetic susceptibility of -0.0048 gM3 kg-I (Dearing, 1994)). 
What was clear from the 94B sequence, albeit from the limited samples taken, was that 
there was a natural accumulation in this area of three broad units: a basal lake marl, 
characterized by a high carbonate content (c. 50%) and very low magnetic susceptibility, 
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overlain by a heavy alluvial clay, with an organic content of c. 5% and low magnetic 
susceptibility which in turn was overlain by a somewhat different fine alluvial deposit 
with raised magnetic susceptibility and reduced organic content. The three different 
deposit types could also be distinguished by particle-size characteristics (Figure 4.3). 
The two curves for marl were distinctly 'S' shaped, showing clear modal particle-size 
values between one and ten microns, with median values of 1.67 and 2.09gm. The 
lower alluvial unit exhibited much 'flatter' curves, showing the sediment to be very 
poorly sorted (this was also borne out by measures of phi standard deviation values, 
which Folk and Ward (1957) would describe as extremely poorly sorted). The curves 
also exhibited a high proportion of very fine particles (<Ugm), and consequently low 
median values (0.19 - 0.38gm). The upper alluvial unit exhibited a gently sloping 
curve, showing a generally coarser particle distribution than the underlying unit (median 
= 3.05gm), and again, poor sorting. 
4.2.2 Section 95PCI 
A comparable sequence was observed in the side of an irrigation ditch running on an 
approximate east-west trajectory, c. 500m to the south of (; atalh8yiik. In 1994 a large 
palaeochannel had been observed in section in this irrigation ditch (section 94PCI), 
which was recorded and each layer sampled (see below). Samples of the alluvial 
deposits cut by the palaeochannel were also taken. A more detailed analysis of the fine 
alluvial sequence was carried out in 1995 (section 95PC1, Figure 4.1). The samples 
were subjected to the same analyses as 94B and a more detailed graphic representation 
of the section and results of analyses is shown in Figure 4.2. 
The sequence was similar to that in core 94B, consisting of five major units: At the base 
was a pale lake marl (top at 1000.86 m. a. m. s. l. ), exhibiting low organic matter content, 
high calcium carbonate and very low magnetic susceptibility. It also exhibited a very 
similar particle-size distribution to similar deposits in core 94B (Figure 4.4). This was 
overlain by a thin (c. 30cm) layer of very dark, almost black 'organic clay' exhibiting 
low carbonate values, and in this case, slightly raised organic matter content and 
magnetic susceptibility. Again, this deposit was poorly sorted, with median values of 
0.58 and 0.86gm. Above this was c. 1.5m (1001.15 - 1002.68 m. a. m. s. l. ) of dark 
brown fine alluvium, exhibiting moderate CaC03 equivalent (20 - 30%) and mass- 
specific magnetic susceptibility (0.2 - 0.5 gM3 kg-1), and low organic matter content 
(3.5 - 5%). The magnetic susceptibility started to increase however towards the top of 
the unit. This sediment was also poorly sorted with a significant fine element, though 
the proportion of very fine sediment was not as high as in similar material from core 
68 
94B. A sample from the base of this unit gave an OSL date of 8937 ± 1868 BP. This 
was then overlain by an upper, paler alluvial unit, c. 1.3m. thick (1002.68 - 1003.96 
m. a. m. s. l. ), contrasting with the lower unit, not only in colour but also exhibiting more 
erratic organic matter content and an increased magnetic signal. Carbonate readings 
were similar to those below. The particle-size distribution curves were similar to that for 
the upper alluvial unit in Core 94B. An OSL date of 5548 ±1337 BP was obtained for 
the base of this deposit. Finally the whole sequence was capped by c. 20cm. of topsoil. 
The two alluvial units were clearly very similar to the 'Lower Alluvium' and 'Upper 
Alluvium' in 94B. The organic clay deposit was not present in 94B and therefore 
appears to be a somewhat discontinuous layer. If this represents some type of marsh 
deposit, then the intermittent appearance of the material would not be totally surprising, 
with localised depressions providing sites for later lake infilling, or early alluvial flood 
deposits. 
With the exception of this intermittent 'marsh' layer, core 94B and section 94PCI 
provided almost identical 'natural' records of the Holocene sedimentary sequence in the 
I; atalh6yiik area, albeit at slightly different elevations (see Figure 4.2). This sequence 
began with the 'drying-up' of the Pleistocene lake, represented by the basal lake marl in 
each sequence. There was then a period when heavy alluvial clay ('Lower Alluvium') 
was deposited, which accumulated to a depth of c. 1.5m. In their survey of soils in this 
area, Driessen and de Meester (1969) refer to soils developed on a similar deposit as 
backswamp soils, and it is proposed that this was a backswamp clay deposit. The 
backswamp clay in core 94B and section 95PC1 was then overlain by slightly less than 
1.5m of a different alluvial deposit ('Upper Alluvium'). All of the deposits exhibited 
very poor sorting, with particle-sizes ranging from greater than 2mm in some cases, to 
significant proportions less than 0.2gm. 
4.3 Coarse-Grained Flu vial/Palaeochannel Deposits 
Other sequences observed in the area around I; atalh6yiik contained substantial fine 
sediment elements but also included considerable coarse fluvial components. These 
clearly would have important implications regarding the palaeohydrological 
characteristics of the (; atalh6yiik area and water resources for the site itself. Such 
sequences were observed in two exposed palaeochannel sections south of the site 
(94PCI and 95PC2) and in four cores between the mounds (93.2 and 95E, 95F and 
95G). 
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4.3.1 Palaeochannel Section 94PCI 
This was exposed in the same irrigation channel as the sequence 95PC1 (above) some 
500m south-west of the east mound. This feature was a wide shallow palaeochannel 
(Figure 4.5), and was recorded in the opposite (north-facing) section from 95PCI. The 
palaeochannel had cut through the three lowest deposits recorded in 95PCI i. e. the 
marl, organic clay and backswamp clay, though above the organic clay on this side of 
the ditch lay a thin layer of pale yellow (2.5Y 7/4) silty clay with occasional dark brown 
inclusions, interpreted as a possible palaeosol in the field. Subsequent laboratory 
analysis revealed a high magnetic susceptibility for this deposit, therefore supporting 
this supposition, and van Andel (1998) also discusses the reduction of red Bt horizons 
to similar yellowish materials. 
The palaeochannel was infilled by a mimber of different sedimentary units. Firstly a 
thin layer of dark greyish brown silty clay was deposited and overlain by a thin layer of 
matrix-supported gravel. This was in turn overlain by more substantial deposits of dark 
brown (IOYR 4/3 - 4/4) silty clay, fluvial sand (which also included a sherd of 
undiagnostic pottery), and sandy gravel. Figure 4.5 shows a lateral fining of these 
deposits from east to west, which was interpreted in the field as materials having been 
deposited by different energy flows in a meander channel. All of the palaeochannel 
deposits were sealed by a c. 1.8m thick (c. 1002.8 - 1004.6 m. a. m. s. l. ) layer of the 
same brown (10YR 513) alluvial silty clay (Upper Alluvium') observed in 95PCI and 
94B. The upper part of this deposit may have been recently redeposited material as the 
undisturbed 'Upper Alluvium' in the previous sequences was only c. 1.3m thick. The 
particle-size distribution curves of the fine alluvial deposits (Figure 4.7) were all similar 
to those from corresponding deposits in section 95PC1, the finer fills of the 
palaeochannel being similar to the 'Lower Alluvium', in terms of particle-size 
distribution. The lower coarse deposit, like the fine alluvial deposits was very poorly 
sorted, whereas those above were far better sorted, though still exhibiting substantial 
particle-size ranges. There was substantial variation between all of the coarse particle- 
size distribution curves. 
Four OSL dates were obtained for the various fills of the channel feature. The first of 
these, from a basal clay gave a date of 4545 ± 805 BP, and the second, from a silty- 
clay deposit above this gave a date of 2872 ± 472 BP. The other two dates were 
obtained for coarser sands and gravels from the middle of the feature, and gave dates of 
6629 ± 1109 BP and 6613 ± 1566 BP. 
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These latter two dates, as well as being very similar, were also consistent with one of 
5548 ± 1337 for the base of the 'Upper Alluvium' in section 95PC I. This would give 
an approximate date of infilling of the channel during the Middle Chalcolithic in 
archaeological terms, and possibly an active phase in the Early to Middle Chalcolithic. 
The two dates from the finer materials in the fill of the channel suggested an inverted 
stratigraphy, or more likely, light contamination, and appeared less reliable than the 
more consistent dates for the coarser materials. 
The morphology of the palaeochannel suggested that the irrigation ditch had cut it at 
approximately ninety degrees and therefore the channel was oriented approximately 
north-south. If this course continued to the north, then the channel would have flowed 
between the two mounds of (; atalh6yfik, with the dating of the feature suggesting the 
possibility of exploitation of this water resource by the Chalcolithic inhabitants of the 
west mound. However, as a clear profile of the palaeochannel was observable, it 
appears that this was probably some type of fluvial cut-off feature, such as a palaeo- 
meander, that was not re-occupied following its abandonment as an active channel after 
albout 6600 BP. 
4.3.2 Section 95PC2 
Located some 160m to the west of sections 94PC I and 95PC 1, and exposed in section 
in the same irrigation ditch was a large depression with a fine alluvial fill. This feature 
was about 90m wide, in excess of 5.4m. deep, and probably broadly U-shaped in 
profile, though it was difficult to gauge the exact dimensions and morphology as the 
feature extended below the base of the irrigation trench. Although originally described 
as a palaeochannel this feature and its fill were morphologically very different to section 
94PCI and appeared more likely to have been a large filled depression rather than a 
linear dynamic feature. Because of its large size, the feature was cleaned, recorded and 
sampled at five locations along its extent rather than attempting a complete record 
(Figure 4.6a). 
The sections cleaned at either end of the feature revealed a similar sequence to that 
exposed in section 95PC1 with a clear contact between basal marl and backswamp clay 
(at c. 1000.8 - 1001 m. a. m. s. l. ), with this then overlain by 'Upper Alluvium' (top at 
c. 1003.5 m. a. m. s. l. ). Two sections between the centre and the eastern end of the 
feature showed a lowering in the elevation of contact between the marl and alluvium, 
and therefore the edge of the depression. Towards the centre this contact was lost below 
the base of the'irrigation trench. To record the central section of the feature it was thus 
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necessary to auger below the base of the irrigation ditch, though it was still not clear 
whether all feature fills were penetrated. 
In the central section (Figure 4.6b) the lowest unit encountered was a dark brown, stiff 
clay and clay loam, becoming lighter in colour up the profile. Some 30cm of this 
material was recovered (c. 998 - 998.3 m. a. m. s. l. ), exhibiting organic matter content 
rising from 3- 6% up profile with carbonate values increasing then decreasing, in 
complete contrast to the magnetic susceptibility readings. The particle-size curves 
(Figure 4.8) for this material were similar to those for the 'Lower Alluvium', though 
the material was in general slightly coarser. However, above this was c. 75cm of sand 
which exhibited high magnetic susceptibility values and low organic matter and 
carbonate content, with variable (though poorly sorted) particle-size distributions. More 
importantly an OSL date was obtained for this deposit of 15319 ± 2050 BP, thus 
placing it and the underlying material in the late Pleistocene and dismissing any 
comparison between the lower unit and theLower Alluvium! (see however, Zhou et aL 
(in press) regarding the reliability of luminescence dates). The sand was overlain by 
60cm (c. 999.05 - 999.65 m. a. m. s. l. ) of grey clay with low magnetic susceptibility, 
high carbonate content and 4- 5% organic matter content, and again similar to the 
backswamp clay in terms of particle-size distribution. This was overlain by the 
backswamp clay, which was c. 2m thick at this location (top at 1001.64 m. a. m. s. l. ). 
Above this was c. 1.6m of 'Upper Alluvium', and the whole sequence was capped by 
c. 20cm of topsoil. In none of the cleaned sections was there any sign of the organic 
clay observed in section 95PCI between the marl and backswamp clay, probably 
because it had been removed through erosion (see below). 
Because much of this feature remained buried and was only accessible by coring the 
nature of the feature remained unclear. The absence of a marl deposit in the central 
section also raised questions regarding this issue. The alternating basal sand and clay 
units suggested the possibility of alternating higher and lower energy fluvial deposits. If 
these were palaeochannel fills then this would suggest quite a deeply downcutting 
channel in this area in the later Pleistocene (though this must have related to an earlier 
fluvial regime than the one which broke through the sand ridge). This channel cut 
through the lake marl and was then filled by sediments deposited by later fluvial 
activity. However, such was the extent of the former channel that a large depression 
remained for a considerable time and was slowly filled by fine-grained alluvium during 
flood events from the channel which by then had migrated some distance away. Sherds 
of pottery found in abundance in the backswamp clay within this feature, were heavily 
abraded and appeared to be Early Chalcolithic (J. Last, pers. comm. ). Animal bones 
identified as Bos and medium herbivore (L. Martin, pers. comm. ) were also recovered. 
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A sample of material from the base of this unit was OSL dated to 7357 ± 1119 BP, in 
other words, Early Chalcolithic. These two factors, along with the fact that this feature 
was partly filled with backswamp clay, rather than cutting through it, suggests that the 
channel represented here was active somewhat earlier than that in section 94PC1 and 
may have been contemporary with Neolithic occupation at the east mound of 
qatalhbyUk, possibly representing an earlier phase of the other palaeochannel, but also 
running between the mounds. 
4.3.3 Sequences Between the Mounds 
It has been suggested that both mounds of (; atalh6yiik were located close to a flowing 
river channel during the early to mid Holocene and for this reason cores 93.2,95E, 95F 
and 95G were taken for evidence of this. Of these four cores taken between the 
mounds, two ME and 95F) were recorded in detail. Core 93.2 was essentially through 
the same sequence as 95E, and 95G was parallel to 95F. 
Core 95E (Figures 4.1,4.9) was taken between the two mounds though much closer to 
the east mound, in an area where palaeochannels of the Qarýamba river were thought 
likely to be situated, given the evidence from a manual auger core taken in 1993 (93.2, 
see below). The basal layer, in common with previous cores, was an olive marl 
(997.34 m. a. m. s. l. and below), which although exhibiting low organic matter content 
(3 - 4%) and very low magnetic susceptibility readings, which were a common feature 
of the marl because of high diamagnetic CaC03 levels, showed rather low and variable 
carbonate content (20 - 30%). 
Above the marl was almost 3m of alluvium, comprising a number of individual alluvial 
units. The lowest of these was a 30cm thick layer of fluvial sand (top at 997.65 
m. a. m. s. l. ) with occasional gravel, suggestive of higher energy qhannel flow at this 
level. This sand was characterised by very low organic matter content (<l%), low 
carbonate content (<12% CaC03 equiv. ) and moderately high mass-specific magnetic 
susceptibility (0.6 - 0.7 M3 kg-1). The sand was overlain by much finer alluvial material 
which also contained small amounts of sand. This layer exhibited similar organic matter 
and magnetic susceptibility characteristics to the marl, whereas the carbonate content, 
although originally moderately high at the base of the unit decreased considerably, only 
to rise again towards the top of the unit. These two units may have represented a 
channel initially open and silting up as the river shifted. 
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At some point after this there was a return of high energy conditions to this location, as 
above the fine alluvium was a second layer of fluvial sand, 20cm thick (998.25 - 
998.45 m. a. m. s. l. ), again exhibiting low organic matter and carbonate content and high 
magnetic susceptibility. This too was overlain by a thin layer of fine-grained alluvium 
(higher organic matter and carbonate content; very low magnetic susceptibility) and was 
overlain by a third sequence of sand (low organic matter content; moderate carbonate 
content; high magnetic susceptibility), sand (low organic matter and carbonate; high 
magnetic susceptibility) and fine alluvium, which though again characterised by 
increased organic matter and carbonate content, differed from the lower fine alluvial 
units in having much higher magnetic susceptibility. 
Above this was a fourth sand unit, 10cm thick (998.99 - 999.09 m. a. m. s. l. ) with low 
organic matter and carbonate content and slightly lower magnetic susceptibility than 
before, and then c. 1.2m of fine alluvium exhibiting increasingly high magnetic 
susceptibility readings up the sequence. This was then overlain by 77cm of (apparently 
in situ ) cultural deposits (1000.27 - 1001.04 m. a. m. s. l. ), exhibiting somewhat erratic 
organic matter, carbonate and magnetic readings. 
Above the cultural material was a 15cm thick layer of what appeared to be fine 
alluvium, though given its similar characteristics to the cultural deposits and clear 
contrast to the layer above, may actually have contained a cultural element. There may 
then have been a hiatus and subsequent erosion of cultural layers by a later channel, as 
above this silty-clay was a fifth coarse alluvial deposit of sand and gravel (1001.19 - 
1001.53 m. a. m. s. l. ) with reduced organic matter content though carbonate content and 
magnetic susceptibility were similar to the finer alluvium. This was capped by a thin 
layer of fine alluvium which in turn 
' 
was overlain by a thin layer of sand and then more 
fine alluvium. Once again there was then a thin layer of fluvial sand, overlain by the 
most recent and thickest layer of fine alluvium with a possible colluvial element 
(1002.08 - 1003.45 m. a. m. s. l. ) 
Overall there appeared to be seven separate coarse-fine alluvial phases represented in 
this sequence (each shown on Figure 4.9 as a number of stratigraphic units), probably 
representing an actively migrating river channel, rather than a cut-off feature like that 
exposed to the south of the site. Four of the phases occurred prior to cultural occupation 
in the area and three subsequent to this. It was also noticeable that there were clear 
differences between these lower fine units. That directly below the cultural deposits was 
similar to the 'Upper Alluvium', particularly in terms of high magnetic susceptibility. 
This would appear to be a rather anomalous situation if the cultural deposits were 
Neolithic material derived from the East Mound (though see below p 98). The fine 
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alluvium below this appeared to be very similar to the backswamp clay observed in 
other sequences (see above). The lower two fine alluvial units were distinct from the 
two pre-cultural fine units above, being much paler in colour and exhibiting reduced 
organic content, CaC03 equivalent and magnetic susceptibility, this is henceforth called 
'Bottom Alluvium' to distinguish it from the distinctly darker and more organic-rich 
backswamp clay above. The three fine alluvial layers above the cultural deposits bore a 
close resemblance to the 'Upper Alluvium', typically exhibiting reduced organic content 
and raised magnetic susceptibility compared to the backswamp clay, and generally 
being of a coarser texture. 
The particle-size distribution curves for the fine alluvial deposits (Figure 4.10) were 
similar for those from corresponding deposits elsewhere, although the marl curves did 
not exhibit clear 'S' patterns as they did for core 94B and the exposed sections. The 
'Bottom Alluvium' exhibited variable distribution patterns similar to those from both 
'Upper Alluvium' and 'Lower Alluvium'. The coarse sediment curves, although 
varying between deposits all showed modal values between 0.1 and lmm, similar to 
sandy deposits from the middle fill of the palaeochannel. in section 94PC I. 
A 1993 core (93.2) was also located between the mounds, close to core 95E. Again an 
upper unit of clay and silty-clay was encountered, which was c. 1.6m thick. Below this 
was a 24cm thick layer of sand and sandy clay, followed by a 34cm thick layer of clay 
which overlay a 48cm thick layer of sand and gravel. Below this was a further two 
metres of silty-clay and then another gravel layer. This exhibited an upper sequence 
more closely correlating with that of core 95F (see below), with a cultural element at a 
slightly higher elevation, though the sequence was incomplete. 
Cores 95F and 95G (Figures 4.1,4.9) were situated c. 180m NW of core 95E and 
approximately midway between the east and west mounds. These cores again contained 
a basal layer of marl. This layer was however penetrated further on this occasion (by 
1.39m), revealing a number of slightly differing (some slightly sandy) layers, although 
it was predominantly of olive clay/silt. The marl exhibited moderately high (though 
variable) carbonate content, low organic matter content and very low magnetic 
susceptibility, typical of the marl discussed elsewhere. Above this was a dark grey clay 
with low organic matter, moderate to high CaC03 equivalent, and very low magnetic 
susceptibility (there was also a thin transitional layer between the marl and alluvium 
containing elements of both, possibly showing a reworking of the upper marl by 
alluvial activity). This was unlike the fine alluvial deposits from other sequences (94B, 
95PCI, 94PCI, 95PC2), but simil 
, 
ar in some respects to the 'Bottom Alluvium' in core 
95E, particularly the low magnetic susceptibility readings. 
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The lower 44cm (998.03 - 998.47 m. a. m. s. l. ) of this layer appeared to be natural, but 
above this some cultural material began to appear, though other physical characteristics 
remained similar. Between 4.53 and 4.39m (998.85 - 998.99 m. a. m. s. l. ) there was a 
transition to a somewhat different sediment, much darker and moister with substantial 
amounts of cultural material and showing an increased magnetic susceptibility, and 
above c. 4.1m. (999.28 m. a. m. s. l. ) increased organic matter content and more erratic 
carbonate content and magnetic susceptibility. This was possibly indicative of 
permanent standing water at this stage into which waste material was dumped (there 
was no evidence of any apparent in situ cultural material in this sequence), unlike the 
layer below where cultural material appeared to have been more accidentally 
incorporated as part of an alluvial deposit. An uncalibrated 14C date of 6760 ± 80 BP 
(c. 7600 BP cal. ) (Beta 90020) was obtained for this highly organic deposit. Overlying 
these cultural deposits (above 2.95m) was 30cm of sand and gravel (1000.43 - 1000.73 
m. a. m. s. l. ), which exhibited a low organic matter content, and erratic carbonate content 
and magnetic susceptibility, and fined upwards to a silty clay. A sample was taken for 
luminescence dating between 230 - 245cm, which gave a date of 5400 ± 1019 BP, or 
Late Chalcolithic in archaeological terms. From 230cm up to 189cm. was a layer of sand 
with occasional gravel (possibly the base of another alluvial phase) and then c. 1.7m. of 
the most recent fine alluvium (1001.68 - 1003.38 m. a. m. s. l. ). 
The sequence above the cultural material appeared sin-filar to that in core 95E. However, 
the sequences in the lower levels differed considerably between 95E and 95F, 
suggesting clear contrasts in alluvial, geornorphological and archaeological 
chronologies in the two locations. 
Again, the particle-size curves (Figure 4.11) exhibited similar patterns in the fine- 
grained sediments as in other sequences, although the lower marl deposits were similar 
to those in core 94B and the exposed sections, whereas those further up the sequence 
bore a much closer resemblance to that from core 95E in terms of particle-size 
distribution. An undiagnostic (in terms of organic, carbonate and magnetic content) 
alluvial unit from this sequence appeared similar to the 'Upper Alluvium' in terms of 
particle-size distribution, though it lay below deposits of apparently 'Lower Alluvium'. 
Again the coarser deposits exhibited variable particle-size distribution curves, which 
also differed considerably from those in core 95E. 
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The cores between the mounds did indicate that there was indeed water flowing here 
and that there were clear temporal changes in channel location and/or morphology. The 
sequences were further complicated by archaeological material from sites of slightly 
different date. 
4.4 East Mound Cores 
A total of four cores were taken through cultural deposits on the east Mound at 
(; atalhbyiik (Figure 4.1). Two of these (93.1 and 94A) were taken adjacent to one 
another in the area of Mellaart's excavation trenches, now being re-excavated towards 
the west side of the mound. Another core (94D) was also taken through thick 
archaeological deposits some 170m north of the first two, and a final east mound core 
(94C) was taken c. 85m north of this, towards the north-west periphery of the mound. 
4.4.1 Cores 94A and 93.1 
Core 94A (Figure 4.12) was taken from the base of one of Mellaart's excavation 
trenches to the south-west of the east mound, with the coring starting some 15m below 
the top of the mound at an elevation of 1005.1 m. a. m. s. l. With the exception of the 
uppermost 30 cm of material, which appeared to be silt from weathered, exposed mud 
bricks, deposited since the abandonment of the 1960s excavation trench, the top 4.5m 
of the core consisted predominantly of in situ stratified layers of cultural deposits. 
Included amongst these were layers of wall plaster, burnt deposits and other material 
possibly indicative of destruction and re-building episodes. In stark contrast to the 
generally dark grey/brown mottled (10YR 3/1 - 2.5Y 5/2) silty-clay cultural deposits 
were two thin layers of grey (2.5Y 6/2 and 5Y 7/2) lacustrine marl occurring at 
elevations of 1003.69 - 1003.64 m. a. m. s. l. and 1002.86 - 1002.82 m. a. m. s. l. These 
may also have related to re-building phases of the site. 
At 1000.56 m. a. m. s. l. the cultural material gave way to dark grey (10YR 3/1 - 4/1), 
sticky alluvial clay and silty-clay, thus giving an indication of the level at which the 
settlement was established. The bottom 48cm of these deposits were much paler brown 
in colour (2.5Y 5/2 - 6/2) and slightly coarser in texture than the upper 52cm, there 
being an apparent subtle change in alluvial material. The alluvium was about one metre 
thick and lay on a thin layer of dark grey (10YR 4/1) 'organic' clay, which in turn 
overlay pale olive/grey (5Y 6/3 - 2.5Y 7/2) lake marl. The top of this was at 999.5 
83 
m. a. m. s. l. and continued to at least 998.09 m. a. m. s. l. at which point the coring 
stopped. 
Core 94A was taken immediately adjacent to another augered in 1993 (93.1) which 
exhibited marl. /alluvium and alluvium/cultural transitions at very similar levels to those 
in 94A, as well as the lower redeposited marl layer within the cultural material. 
However, neither the upper redeposited marl nor the thin organic layer between the lake 
marl and alluvium were observed, which may have been due to differential coring 
techniques in each of the two seasons of fieldwork. Core 94A was taken mechanically 
with intact, approximately one metre long sections retrieved. Where possible, lcm wide 
sub-samples were taken down the core at 8cm intervals or where there were clear 
changes in lithostratigraphy. 
The organic content, CaC03 equivalent and magnetic susceptibility curves all exhibited 
a high variability through the cultural deposits, reflecting the diverse nature of the 
culturally-derived materials present. The curves for the alluvial clay on the other hand 
showed far less variation in measured parameters, with organic content only fluctuating 
slightly between about four and five percent, CaC03 equivalent exhibiting a slightly 
greater variation between about 10 and 30%, and mass-specific magnetic susceptibility 
remaining constant at around 0.2 gM3 kg-1. There were however subtle changes in the 
measured parameters consistent with the change in colour of the alluvium observed. 
Organic content, CaC03 equivalent and magnetic susceptibility all showed reduced 
levels in the lower, lighter coloured material, with the organic content and magnetic 
Sus 
, 
ceptibility figures approaching those of the underlying lake marl (see below). The 
low' carbonate values however, suggested that this material could be clearly 
1. The thin layer of 'organic clay' exhibited an increased differentiated from the mar 
organic content of more than 6%, unchanged carbonate content and reduced magnetic 
susceptibility, further supporting the suggestion made, of this being some type of 
organic marsh deposit (the low magnetic susceptibility, c. 0.1 gM3 kg , as well as the -1 
raised organic content, supporting this). The lake marl exhibited reduced organic 
content, significantly increased CaC03 equivalent and very low mass-specific magnetic 
susceptibility. 
'The lower materials from this core were very similar to those observed in previous 
sequences. The basal marl appeared to be the same lake deposit observed in other 
sequences, exhibiting 'S' shaped particle distribution curves similar to those in core 
94B and the exposed sections (Figure 4.16), as well as similar values for the other,. 
measured parameters. The organic clay bore a striking resemblance to material in the 
same stratigraphic position in section 95PC I and the upper part of the alluvial deposit 
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was consistent with the backswamp clay observed in most other sequences. The lower 
part of the alluvium however had more in common with the 'Bottom Alluvium' found 
in core 95E and possibly 95F. There was no evidence for the'Upper Alluvium' having 
been present. 
4.4.2 Core 94D 
This core (Figure 4.12) was taken on the eastern side of the east mound some 170m 
north of core 94A (Figure 4.1), exhibiting some clear similarities to the previous core. 
Unlike core 94A this was taken from the surface of the mound though some distance 
downslope from the summit. The upper 5.6m were dominated by cultural material, 
down to an elevation of 1000.88 m. a. m. s. l., where this again overlay dark brown 
(2.5Y 3/2 - 4/2) silty clay alluvial deposits. The cultural material, like that in core 94A, 
was clearly stratified in situ and contained evidence of possible destruction phases and a 
layer containing redeposited marl, though at a different level from those in 94A. 
The alluvium was about one metre thick and unlike that in core 94A did not become 
paler with depth. It overlay a similar thin 'organic clay' layer to that encountered in core 
94A, which in turn overlay olive (5Y 6/3) lake marl at c. 999.6 m. a. m. s. l. It was 
noticed in this core, however, that the marl consisted of an upper 14cm, and lower fine 
material sandwiching a thin (14cm thick) layer of coarser deposit similar to that 
observed at the base of core 94C (see below). 
Again the measured parameter curves for the cultural deposits were strati graphically 
erratic. The alluvial clay exhibited similar CaC03 equivalent levels to that in core 94A, 
though the organic content significantly increased with depth, exceeding the level for 
the organic clay' in 94A, and the magnetic susceptibility curve showed a steady decline 
to levels just above 0.1 gM3 kg-1. The figures for the 'organic clay' were very similar 
to those from core 94A, though the organic content was higher. Again the lake marl 
exhibited the characteristics of low organic content and magnetic susceptibility, high 
calcium carbonate equivalent, and 'S' shaped particle-size distribution curves. Clearly 
the same sequence was present below the cultural deposits in this core as that in 94A 
(with the exception of the 'bottom alluvium'), so correlation with the lower alluvial 
sequence elsewhere was again a distinct possibility. 
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4.4.3 Core 94C 
This core (Figure 4.13) was taken at the north-western edge of the east mound (Figure 
4.1), starting at a surface elevation of c. 1004.6 m. a. m. s. l. The top 5.3m consisted of 
predominantly cultural deposits, many of them apparently redeposited unlike those in 
cores 94A and 94D, which appeared to be mostly stratified in situ. The cultural deposits 
in core 94C directly overlay a deposit of olive (5Y 5/3) coarse marl with the interface at 
999.3 m. a. m. s. l. There were no apparent alluvial deposits as had been observed in the 
other sequences. 
Few sub-samples were taken in the field though these were all further sub-sampled for 
loss on ignition, magnetic susceptibility and particle size analyses, with selected sub- 
samples taken for diatoms. The measured parameter curves for this core did not exhibit 
any clear characteristics, with there being negligible change in organic and carbonate 
content throughout the sequence. Magnetic susceptibility did exhibit a general decrease 
with depth. Clearly the nature of the material in this core was different from those 
previously discussed and was responsible for the lack of variability in the curves. 
However, what the 94C sequence suggests, has implications for cultural exploitation of 
resources. 
Most of the sub-samples scanned for the presence of diatoms produced very little 
material, but one sample c. 30cm. above the coarse marl in core 94C was found to 
contain a rich diatom assemblage. This was dominated by Nitzschiafrustuluill and N. 
liebetruthii but also with smaller numbers of Amphora coffeaeformis, A. veneta and N. 
palealN. capitellata and occasional N. aff halophila (C. D. Sayer, pers. comm. ). The 
sediment from which this assemblage came was a dark material comprising a great deal 
of re-deposited cultural material, but overlying the coarse marl. It was noticeable that 
the location of core 94C was towards the base of a gully emanating from the top of the 
east mound (Figure 4.1), down which anthropogenic waste may have been transported. 
It was also noticeable that no alluvium or fine marl was located in core 94C. It is thus 
suggested that these latter materials may have been deliberately removed ftorn this area, 
possibly as a result of digging for marl as a raw material for ceramic production or mud 
bricks. This resulted in the formation of a hollow which became filled with water and 
subsequently a waste material element. Indeed, most of the diatoms observed were 
hypereutrophic species (van Dam et al., 1994) and may have thrived in water heavily 
inundated by organic waste. It is therefore quite feasible that a small pond or depression 
for liquid outfall existed at the north-west of the east mound. There may even have been 
a ditch around the site. The species identified are also predominantly associated with 
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saline environments and/or a pond with elevated conductivities due to nutrient pollutants 
(Roberts, pers comm. ) and so may have represented a small water body with high 
evaporation. A number of what appeared to be opaline phytoliths were also observed. 
Further recovery of these may have important implications in terms of agricultural and 
environmental resource exploitation of the area (Rosen and Weiner, 1994). 
To what extent waste deposition was underway during site occupation is unclear. 
However, there would appear to have been erosion and transport from the mound, 
down the gully and into the depression for quite some time following site abandonment, 
given that Byzantine tile and other later pottery sherds were identified in the upper 
reaches of the core 94C sequence. The sequence was probably reflective of the gradual 
erosion of the mound and the spreading outward of eroded material to the periphery by 
colluvial activity. 
As there was no evidence of any clear alluvial phase in this core it could be suggested 
that erosion from the mound continued for some time before the onset of the later 
alluviation, sufficient to prevent rising alluvial deposits covering any part of the 
depression fill material. Alternatively, it may have been that core 94C was located at the 
edge of the depression where a little initial waste deposition was enough to mask later 
synchronous mound erosion and alluvial deposition. 
A final factor in the core 94C sequence which needs to be considered was the coarse 
41 nature of the marl 
here. It was noted above how similar this was to a thin layer of marl 
in core 94D, though the particle-size distribution curves were different (Figure 4.16). 
Coarser, sandy marls were also observed at other locations, both in the Qatalhbyfik area 
and further afield e. g. Musalar H6y0k and Torundede Hijyiik (see below, chapter five). 
In each case it is suggested that these represented Pleistocene deltaic deposits. 
The sequence from this core was therefore of limited value in contributing to an 
understanding of the overall geoarchaeological chronology at Qatalh6y0k, but did give 
an important insight into the morphology of the site periphery, and therefore some idea 
of resource exploitation at the site. 
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4.5 The West Mound 
Roberts (1980) had previously cored the west mound but this did not fully penetrate the 
archaeological deposits and so placing the cultural levels within the overall Holocene 
sedimentary sequence was not possible with this data. Therefore a new core (96W) was 
taken through the mound on its southern slope in 1996 (Figures 4.1,4.14). 
The upper 6.24m of deposits (1005.56 - 999.32 m. a. m. s. l. ) were all cultural, the upper 
levels at least, containing small fragments of Chalcolithic ceramics, and most appeared 
to be in situ. This was underlain by 26cm of alluvial material, though this contained 
occasional cultural artefacts, suggesting a possible colluvial element. Below this there 
was c. 70cm (to 998.36 m. a. m. s. l. ) of dark greyish brown stiff clay, very similar to the 
alluvial deposit underlying the cultural deposits of the east mound. There was then just 
8cm of lake marl before this gave way firstly to a sandy marl deposit and then sand. 
The full cultural/alluvial sequence appeared therefore to have been penetrated. 
Although the general sequence here was broadly similar to those from the east mound, 
i. e. cultural material overlying alluvium, overlying marl (albeit a very thin layer), the 
measured parameters took on a noticeably different character. Organic matter content 
and CaC03 equivalent fluctuated substantially throughout the cultural deposits, as was 
the case for the east mound cores, however this fluctuation continued into the 
underlying alluvium, whereas these parameters tended to become far more constant in 
the east mound alluvium. It therefore appeared that more variable alluvial deposits are 
extant under the west mound compared with those under the east mound. 
The nature of the marl was also clearly different at the west mound, being only 8cm 
thick, whereas it was never completely penetrated at the east mound so its total 
thickness was not known, though the 94A sequence suggested that this was in excess 
of 1.5m. A comparison of the relative elevations of the top of the marl under the east 
and west mounds may provide a partial explanation of this discrepancy, as this was 
about a metre lower at the latter and therefore suggested removal of marl deposits. As 
this happened sometime prior to known human activity in the area, then some type of 
localised deflation activity must have been the cause. This does not fully answer the 
question however, as the base of the marl at the west mound was at least 30cm above 
that in 94A, though this may simply have been due to localised natural undulations in 
the underlying surface of Pleistocene sands and gravels, spatially variable Pleistocene 
fluvial activity having an effect on the nature of sedimentary deposits at this time. The 
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particle-size distribution curve for the marl under the west mound was also different 
from all others (Figure 4.16). 
One striking characteristic of the west mound sequence was the nature of the magnetic 
susceptibility curve. This was erratic in the upper cultural levels as had been the pattern 
in the east mound cores, however, below an elevation of c. 1002 m. a. m. s. l. the curve 
fell to values below 0.2 gM3 kg-1, remaining more or less constant through the 
remaining cultural sediments, and into the underlying alluvial, marl and Pleistocene 
sand deposits. The upper 30 - 40cm of these low magnetic susceptibility cultural 
materials were highly organic in nature, and rather than being burnt as suggested in the 
field, were probably decayed organic waste materials, which would explain the low 
magnetic signal, organic matter tending to exhibit diamagnetic properties (Dearing, 
1994). However the nature of the cultural material below this level cannot be explained 
in such simple terms. One explanation of this may be the level of the water table, 
whereby if all of this material had been permanently waterlogged, then a low magnetic 
susceptibility would be expected. The water table up until recently was only a metre 
below the surface in the area, so all deposits below this might be expected to exhibit 
low magnetic susceptibility. They clearly do not, if the evidence from the east mound 
cores is anything to go by. Another factor must therefore have been involved, which 
rendered differentiation of cultural material and alluvial clay at the west mound almost 
impossible using the magnetic signal. 
A major factor which may lead to high and variable magnetic signals from cultural 
deposits is the presence of fired ceramics within such sediments. Thus in core 94A, for 
example, there was a clear contrast between the ceramic-containing Neolithic cultural 
deposits and the underlying aceramic alluvial deposits. Mellaart (1965a) suggested that 
the west mound was Chalcolithic in date, though his limited excavations barely 
penetrated further than 2.5m in depth. Coring has shown that the depth of cultural 
deposits was far more substantial, and therefore earlier deposits were present. If these 
earlier deposits were to be pre-ceramic Neolithic in date, then a lower, less erratic 
magnetic signal would be expected because of the absence of fired ceramics in the 
sediments. Casual fieldwalking around the west mound has yielded no obvious 
Neolithic ceramics Q. Last, pers. comm. ), but this should not be taken as evidence for 
the absence of Neolithic activity. Furthermore, the relative elevations of deposits at the 
east and west mounds showed those at the latter to have been situated at a lower level 
than those at the former. Although this may have been due to local geornorphological 
fluctuations, the possibility of there having been an earlier phase at the west mound 
cannot be ruled out. There are however, other explanations for the lower elevation of 
cultural materials at the west mound (see discussion below). 
93 
The sequence from the west mound therefore, although generally mirroring those from 
the east mound cores and correlateable with these and those between the two (see 
below), has provided evidence for a far more complex addition to the geoarchaeological 
chronology of Catalh8yUk. Only radiometric dating of lower levels (samples have been 
taken and dates are awaited) and fuller excavation of the site are likely to reveal the true 
date of origin of the west mound. 
4.6 Discussion 
When considered together, all of the above sequences can be correlated and used to 
build up a general archaeo-alluvial chronology for the (; atalh6yiik area of the C'ar$amba 
fan. 
The lowest and therefore probably earliest deposits recorded were fluvial-deltaic sands 
and gravels of Pleistocene age and observed in the core through the west mound. These 
were generally finer than most of the later coarse fluvial sediments observed (Figure 
4.15). They were overlain by a pale, carbonate-rich lake marl deposit which has been 
shown to be quite variable both in thickness and textural characteristics (Figure 4.16). 
In some sequences such as those from the west mound and core 95F, between the 
mounds, the marl has included some quite sandy bands between layers of more 
homogenous fine material. These sandy layers may have been evidence of deltaic 
activity during the late Pleistocene, when rivers began to discharge into the shallowing 
waters of palaeolake Konya. 
Following the 'drying-up' of the lake, there is evidence of desiccation and deflation, 
and a stratigraphic hiatus, with an irregular marl - alluvium contact. Subsequently some 
remnant marshy areas formed the organic clay observed in cores 94A and 94D, and in 
section 95PC1 (with a possible palaeosol forming on this deposit (section 94PCI) 
suggesting a period of environmental stability). A date in the very early Holocene can 
be assumed for these areas as OSL dates for the alluvial deposits overlying this material 
suggest dates of about 9000 BP (see below). It is assumed that at the time these thin 
organic layers accumulated, there was little other sediment deposition in the area, as in 
each case the organic material forms a distinct unit with no mixing of other materials 
and clear interfaces with preceding and succeeding units. 
At about 9000 BP, or perhaps a little earlier, the area began to experience widespread 
alluvial deposition. In all of the sequences except core 94C, very fine alluvial clay was 
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observed which has been referred to as 'Lower Alluvium% or more correctly, 
backswamp clay, and with the exception of some samples from section 95PC2 appears 
to have been a homogeneously fine-grained deposit across the whole area around 
(; atalh6yiik (Figure 4.17). This was the clay and silt-sized material carried in 
suspension during periods of flooding and deposited at distance from the river channel 
on the floodplain. In areas where deposition of this material continued without 
disruption from shifting river channels, in excess of 1.5m of a lower alluvial unit was 
deposited. An OSL date from the base of material directly overlying this (see below), 
and a further two dates on the fill of a palaeochannel cutting this deposit suggested that 
backswamp accumulation may have continued until about 6500 BP, or in cultural 
terms, sometime during the Chalcolithic. It is clear however, from stratigraphical 
evidence, that occupation of both the east and west mounds commenced while this 
alluvium was accumulating. At each mound there were cultural materials lying directly 
on this backswamp clay. The deposit was also thinner under the mounds than in the 
'natural' sequences of core 94B and section 95PC 1, suggesting continued backswamp 
accumulation after the beginning of human settlement in the area. 
In two sequences (core 94A, core 95E) this fine deposit could be divided into two sub- 
units. The upper part of which was similar to the unit as observed elsewhere, but lower 
down the material became much paler and experienced declining magnetic susceptibility 
values in particular. It may be that this was due to localised pedogenic activity, whereby 
some iron minerals were leached from the sediment, thus reducing the magnetic signal, 
and gleying of the deposit. 
Following the backswamp phase (Figure 4.19a) there was a clear change to an 
altogether different alluvial regime. This appears to have post-dated occupation at both 
sites as there is no evidence for the later alluvium in any of the archaeological 
sequences. The 'Upper Alluvium' was only observable as a continuous unit in core 
94B and exposed in the irrigation ditch to the south of the site, though in each case the 
interface with the backswamp clay was very clear (similar material was also present in 
the post-cultural phases observed in the sequences between the mounds). It was also 
present in the cores between the mounds and is the most recent widespread alluvial unit 
in the area. The 'Upper Alluvium' differed from the lower deposit by being slightly 
coarser in texture (Figure 4.18), having a more reddish hue, and having significantly 
raised magnetic susceptibility levels. This 'abrupt' change in alluvial pattern is most 
likely to have been caused by a sedimentological hiatus between two different alluvial 
regimes, the change from one to the other probably being due to some significant events 
within the catchment of the alluvial fan. Possibilities include widespread forest 
clearance in the catchment, leading to soil erosion, or overflows from the Bey*ehir- 
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Poplar 
Sugla catchment into the (; ar$amba catchment, bringing in volcanic materials from this 
upper catchment (see below, Chapter Eight), although the low magnetic signals in 
lower deposits may possibly have been as a result of magnetic alteration by 
waterlogging. The 'Upper Alluvium' was up to 1.4m thick around I; atalhbyiik, though 
it is not clear for how long the material accumulated. This may not have ceased until 
well into the historic period, indeed the current landscape around (; atalh6yuk is 
dominated by soils formed on this deposit (Figure 4.19b). 
The general fine alluvial sequence for the Catalhbyiik area is therefore quite clear and 
the placing of the prehistoric east and west mounds within this is reasonably secure. 
However there was not just a simple accumulation of fine alluvial sediment. The alluvial 
activity was clearly driven by the discharge of the (; arsamba river and palaeochannel 
sequences both to the south and between the mounds have shown how this dynamic 
water course fitted into, and complicated, the overall archaeo-alluvial sequence. 
In all of the sequences from which there was evidence of palaeochannel activity, the 
lower fills directly overlay the lake marl (except section 95PC2 where no marl was 
observed). However this observed pattern was as a result of downcutting of the 
channels into the lower deposit rather than a simple continuity from lacustrine to fluvial 
deposition. The most complex of the palaeochannel sequences was that from core 95E 
where a total of seven phases of fluvial channel activity were evident. These phases, 
typically consisting of lower sand and gravel deposits overlain by much finer alluvium, 
testify to a river continually changing its course, though consistently returning to former 
courses. Particle-size distribution curves (Figure 4.15) also show considerable variation 
between deposits, both from different sequences and within the same sequence. An 
OSL date from the fourth of the fluvial phases of 10483 ± 2188 BP (and therefore early 
Holocene) maybe consistent with a Neolithic date for the cultural material above, which 
is believed to have been derived from the east mound. However there was a 
discrepancy between this date and the material between this level and the cultural 
material, which appeared to be'Upper Alluvium', though during more detailed analysis 
(Chapter Six) this has been redefined as 'Lower Alluvium'. The fine alluvium in each 
of the three lower phases also appeared to be the same material as the 'Lower' and 
'Bottom Alluvium' recorded in other sequences and clearly early Holocene rather than 
late Pleistocene in date. 
Palaeochannel activity clearly continued following the abandonment of the Neolithic and 
Chalcolithic settlements at Qatalhbyfik. In core 95F, cultural material OSL and 14C 
dated to the Chalcolithic was clearly sealed by at least two phases of palaeochannel fill 
deposits, the fine alluvium in each corresponding to the 'Upper Alluvium'. In the 95E 
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sequence three fluvial phases were recognised above the cultural deposits, again with 
the fine alluvium being of 'Upper Alluvium' type. In section 94PC I to the south of the 
site, there are dates for the actual palaeochannel fills. The main sand and gravel fills of 
the palaeochannel have been OSL dated to about 6600 BP, or Late Chalcolithic. This 
fits in well with dates of about 8900 BP for the backswamp clay cut by the 
palaeochannel and one of 5548 ± 1337 BP for the base of the'Upper Alluvium' scaling 
the palaeochannel. fills. With filling of the palaeochannel dating to the Late Chalcolithic 
it is also conceivable that this channel may have been flowing contemporary with Early 
to Mid Chalcolithic occupation of the west mound, and therefore a resource exploited 
by the inhabitants there. 
Having established a general geornorphological sequence for the (; atalh6yiik area based 
on new data it is necessary to briefly compare this with the results and conclusions 
drawn by earlier workers on comparable material in the area in order to accommodate 
this within the current overall sequence. The principal published material relating to the 
questions being asked here is that by Mellaart (1964), Cohen (1970) and Roberts 
(1982a). The sequences recorded by these writers, along with those recorded during the 
current research are shown elevation-relative to one another in Figure 4.20. 
The first deep penetration of the Qatalhbyfik deposits was made by Mellaart during the 
1963 excavations (Mellaart, 1964). This was a deep sounding below the floor level of 
an excavated room towards the south-west of his excavation trench (JM 63, Figures 4.1 
and 4.20) and only about 15m from where cores 94A and 93.1 were located. The 
sounding penetrated to a depth 5m below the current land surface, an elevation of 
c. 998.3 m. a. m. s. l. However, Mellaart claimed that archaeological material was 
observable to the base of this, some 2.2 metres below the lowest occupation levels 
identified in the present work at the east mound and a metre below those at the west 
mound, though comparable with the base of secondary cultural materials identified in 
core 95F. His claim has been disputed by Cohen (1970) and Roberts (1982a). The 
current work also questions Mellaart's observation. In response to criticism by Cohen, 
Mellaart suggested that his sounding may have penetrated the fill of an earlier ditch 
around the mound (reported in Roberts, 1982a), and indeed the current work suggests 
the existence of some type of filled depression to the north-west of the mound (core 
94C). This, though, was at the site edge and appeared to be full entirely of redeposited 
cultural material, whereas Mellaart's sounding was clearly below stratified in situ 
archaeological deposits, and as Cohen has pointed out, would surely have flooded at a 
higher elevation than it did because of the high local water table. However, a further 
explanation for the low elevation of basal cultural deposits at the west mound is that the 
core may have been taken through an earlier peripheral ditch, with later phases of 
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anthropogenic activity having crossed this, leading to a lateral expansion of the mound, 
had such a sequence of events occurred at the east mound, then Mellaart's claimed 
sequence would remain a possibility. The possibility of an inner, earlier ditch is also 
one explanation for the low elevation of the basal cultural deposits in core 96W at the 
west mound. Mellaart also mentioned a grey flood deposit in the sounding which has 
not been recorded in any subsequent cores. From his description it appears that he 
probably encountered a layer of re-deposited marl, similar to those found in cores 94A, 
94D and 93.1 and discussed above. 
Cohen (1970), in addition to challenging Mellaart's findings sunk a core some 200m 
south-west of the east mound (HC 68, Figures 4.1 and 4.20), which he claimed 
contained mainly lake bottom clay, underlain by sand with no apparent alluvial material. 
He thus suggested that there had been no post-Neolithic alluviation in the area and that 
C, atalh6yiik was established at the same level as the modern land surface. Roberts 
(1982a) was critical of this, suggesting that in the light of his own work (below), 
Cohen had mis-identified alluvial clay as lake bottom clay, so that he had in fact 
observed a deposit not dissimilar to the 'Upper Alluvium' discussed in the present 
work, and at a similar elevation. This is also therefore critical of Cohen's claim. The 
sand underlying the alluvium probably related to one of the later fluvial phases observed 
in cores 95E and 95F. 
Roberts (1982a) disputed Cohen's claims using evidence from three cores taken in 
1978 (Roberts, 1980). These were located along an approximate north-east to south- 
west transect through (; atalhbyfik with one core taken through the archaeological 
deposits on the west mound and the others to the north-east and south-west of the site. 
Unlike the previous two workers, Roberts recorded his sediments in some detail and so 
correlation with current data should be a little easier, although his sites were not 
surveyed in with the accuracy provided by the GPS and so elevations were only 
approximate. 
The first of these cores, through the west mound (K. 2. a, Figures 4.1,4.20) was also 
located on the southern slope of the mound and at a similar elevation to core 96W. The 
core did not penetrate beyond the cultural deposits and so no alluvial correlations with 
the current findings can be made. However, two points of interest do emerge from 
Roberts' west mound core. Firstly, although his core and therefore cultural material 
extended some three metres below the then water table (c. 1003 m. a. m. s. l. in 1978) he 
suggests that it was unlikely that he may have cored through cultural ditch-fill. 
Secondly, he reports finding ceramic material from the base of his core at c. 1000.4 
m. a. m. s. l. This was at a depth where in core 96W the deposits yielded very low 
101 
magnetic susceptibility readings, which it has been suggested (above) may have been 
due to a lack of ceramic material. Clearly this evidence would need to be considered in 
any future examination of the west mound. 
Roberts' second core was located some 650m to the north-east of the east mound 
(K. 2. b, Figures 4.1,4.20). The top layers of this were again alluvial silty-clays of a 
similar dark brown colour to the alluvium in core 94B and section 95PCI, becoming 
darker with depth. Roberts explained this as the transition from lower backswamp clay 
to upper alluvial material, in the same way as the distinction between lower and upper 
alluvium has been made above. Roberts also recorded CaC03 values and though his 
methodology (Roberts, 1980) was different from the loss on ignition method currently 
used, the figures are comparable (see above, Chapter Three, Figure 3.2). Indeed this 
does appear to be the same material as recorded in core 94B and section 95PCI. 
Beneath the alluvium were layers of clay and marl which Roberts believed were 
deposits re-worked during alluviation, and below these was a basal sandy layer. Again 
these latter deposits are comparable with lower sediments from a number of the current 
sequences. 
The final core discussed by Roberts was located some 500m to the south-west of the 
west mound (K-2. c, Figures 4.1,4.20). This produced a very similar sequence to that 
in core 95B and section 95PCI with lighter alluvium above darker material again. 
However, the transition between marl and alluvium was at an elevation about one metre 
higher, though this may have been due to changes over the distance between sample 
locations and natural undulations in the geomorphology as discussed above. At no point 
did Roberts mention the distinct deposit of organic clay found in section 95PCI and 
cores 94A and 94D. 
Overall then, the current work casts much doubt on the findings of Mellaart (1964) and 
Cohen (1970). A general agreement with Roberts' (1982a) alluvial sequence can be 
made, including his modification of Cohen's findings. Two distinct alluvial layers can 
be identified in recently recovered sequences which are comparable with alluvium and 
backswamp clay recovered in two cores by Roberts and possibly mis-identified by 
Cohen. However, Roberts argued that all of his alluvium post-dated Neolithic activity 
in the area, whereas the evidence presented here, particularly that from cores penetrating 
the east mound of Qatalhbyiik proves the lower deposits to be pre-mound in date. If his 
sequences recorded the same deposits as those presented here then there must have been 
a clear break between his backswamp clay and upper alluvial clay. The alluvial deposits 
overlay marl which was comparable with that described by Roberts, though only some 
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sequences recorded a layer of organic clay which may have absent or simply been 
overlooked in others. 
Having defined in some detail the full geoarchaeological sequence in the (; atalh8yuk 
area towards the centre of the qar5amba alluvial fan, the next step in building up a 
general sequence is to consider similar data from a broad temporal and spatial range of 
sites across the fan as a whole. 
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CHAPTER FIVE 
ALLUVIAL HISTORY OF THE CAR$AMBA FAN: SITE 
STRATIGRAPHIES 
5.1 Introduction 
In addition to the intensive work on and around I; atalh6yiik described in chapter four, 
field investigations also took place at a further 16 archaeological sites situated across the 
I; ar*amba fan. In this chapter all of these sequences will be described and discussed in 
terms of the lithostratigraphy at each location, along with data derived from the various 
sedimentological analyses performed, and in relation to dating evidence at each site 
where this is available. In this way an initial understanding of the spatial and temporal 
variability of the geoarchaeological sequence across the fan can be gauged, before 
subjecting the data from each site and that from I; atalh6yiik to a more detailed statistical 
analysis (Chapter Six) when a clearer, fan-wide correlated geoarchaeological sequence 
will be proposed. 
The 
's' 
equences discussed below were all sampled in the field during the 1995 and 1996 
field seasons. The sites studied were only a sample of the many identified across the 
I; ar*amba fan (Mellaart, 1954,1961,1963b; French, 1970; Watkins and Baird, 1993; 
Bair 
- 
d, 1995,1996,1997 and pers. comm. ) and were selected for a number of reasons: 
firstly to get a wide spatial coverage of sample points across the fan; secondly, if 
poss 
' 
ible, sites where there had apparently only been single periods of activity were 
selected as these should provide the simplest record of post-occupation burial; and 
thirdly a range of sites of different occupation periods were chosen. Data on 
archaeological phases has come from the surveys of French (1970) and Baird (pers. 
comm. ), the latter of which is still ongoing. These sites cover an area of some 3 lOkM2 
with the majority clearly being north of the Pleistocene sand ridge (see above, Chapter 
Two), though four sites are south of this (Figure 5.1). It is with these sites that this 
discussion will begin. 
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5.2 Sites south of the sand ridge 
In this section the geoarchaeological sequences at four archaeological sites (Musalar 
1-16yok, Okqu Hby0k, Boyali T6mek and Kuru H6y0k) will be discussed, along with 
exposed alluvial sections close to each location. The discussion will begin with sites 
closest to the current (; ar5amba River (Musalar and Okqu) and move towards those at 
the more eastern part of the fan (Boyali and Kuru). 
5.2.1 Musalar HUyiik 
This is a small mound, the exposed area covering some two hectares and rising some 
5m above the level of the surrounding land surface (1007.19 m. a. m. s. l. in adjacent 
field), situated some 3km north-east of I; umra and c. 1.5km west of the current 
(canalised) Car*amba River, Survey work (Baird, 1996, and pers. comm. ) has shown 
that a small mound was originally occupied during the Early Chalcolithic with some 
later activity during the Early Bronze Age (EBA), followed by a major expansive 
settlement during the Hellenistic to Byzantine periods, creating a much larger mound. 
Significantly this mound had a deep vertical cut next to it in 1996, which was available 
for study, thus making it one of the more important sites studied on the (; ar5amba Fan. 
A local farmer had excavated a large trench in the same field as the mound, only a few 
metres to the south, in a (vain) search for water. This had exposed a clear 5m deep 
section cut through colluvial and alluvial deposits and into the lake marl below, giving a 
full Holocene sequence, and one which could be directly correlated with the cored 
geoarchaeological sequence. Coring at Musalar took place on the southern slope of the 
mound c. 1.3m above the level of the surrounding land surface, but was only extended 
to a depth of 3.5m, at which point it was obvious that there was some clear overlap 
with the exposed sequence. 
The exposed section (Fig 5.2; Plate 5.1) south of the mound was made up of five major 
sedimentary units. The top 1.65m (1007.19 - 1005.54 m. a. m. s. l. ) consisted of a dark 
greyish brown, firm, but slightly friable clay-silt with some carbonate nodules and 
cultural material, and was clearly predominantly of colluvial material derived from the 
mound. Below this there was a 60cm thick layer of dark grey, heavy, blocky clay, 
similar in appearance to the backswamp clay recorded at I; atalhdyok, and exhibiting 
similar particle-size distributions to the backswamp clay and organic clay layers at 
qatalh6yUk (Figure 5.3), though in a totally different position within the stratigraphic 
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sequence. (This deposit was subsequently found not to be extant in the sequences at 
any other sites recorded). Below this deposit was 65cm of dark brown silty clay, which 
appeared to be the same deposit observed below the archaeological levels in the core 
(see below), and similar to the I; atalh6yiik 'Upper Alluvium'. The upper and lower 
parts of this unit though, were separated by a thin layer of carbonate-rich material. 
Below this was a 1.8m thick deposit of very dark greyish brown, stiff, blocky clay, 
again similar to the (; atalh6y0k backswamp clay and this time in a similar stratigraphic 
location. The basal 30cm (1002.49 - 1002.19 m. a. m. s. l. ) of the section consisted of 
15cm of fine, stiff lake marl overlying a more sandy marl deposit which continued 
beneath the base of the excavated section. 
The top 20cm of the core (Fig 5.2) consisted of topsoil below which there was about a 
metre of disturbed archaeological material in a silty matrix. Below this it appeared that 
in situ classical material was being cored, with the sediments being of a coarser, more 
sandy nature. At a depth of 2.45m however, there was a change to a finer material 
containing prehistoric (probably EBA) Pot, which was extant down to the level at which 
coring ceased (3.5m), though the pot only appeared to be in the upper 50cm or so of the 
deposit. This unit was visually of very similar appearance to the 'Upper Alluvium' 
described for Catalh6yiik (see above, Chapter Four), and that in the section at 1004.94 
- 1004.29 m. a. m. s. 
l. However, as the upper c. 50cm of the deposit contained 
anthropogenic material, there was clearly a non-alluvial element. It was estimated that 
this extended to a depth of c. 2.96m, below which was material of a purely alluvial 
nature, the same deposit as in the section and similar to that around (; atalhbyfik. 
The sequence at Musalar was very similar to that recorded at Qatalh6yak with the 
exception of the extra upper alluvial unit (1005.54 - 1004.94 m. a. m. s. l. ). This area had 
been subject to the same broad alluvial episodes as the Catalh6yUk area, some 7.5krn 
away to the north, and more importantly to the north of the sand ridge. Some clear 
differences were apparent however. The top alluvial unit was not present in the 
qatalhbyiik sequences and must have represented a phase not recorded further north 
and possibly only localised in a small area south of the sand ridge. Secondly, the 
thickness of the 'Upper Alluvium' was far greater at ratalh6yiik (assuming the same 
unit was present at both sites), though the backswamp clay was of a very similar 
thickness at both locations. Intriguingly however, the total depth of post-backswamp 
alluviation was similar at both sites. A further discrepancy between the sequences was 
that in the magnetic susceptibility readings. A clear differentiating factor between 
backswamp and later alluvium at I; atalh8ytik was the marked increase in the magnetic 
signal. At Musalar magnetic susceptibility was high throughout most of the sequence, 
only the lowest three backswamp clay samples being comparable with those elsewhere. 
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This discrepancy was confirmed by the replicate readings (Figure 5.2, and see Chapter 
Three, above) which showed that the magnetic signal was far higher for deposits at 
Musalar 116yok compared with similar material at (; atalh6yilk. In general though, the 
sequences in the two areas did seem comparable. 
5.2.2 Okqu Hdyiik 
French (1970) mentions two mounds near the town of Okqu. The mound cored in 1996 
was the larger of these two (Okqu 11), situated about 1.5km north of the town and 
c. 2km east of (; umra. It is a moderate-sized mound, rising up to 14m above the 
surrounding field level (1007.58 m. a. m. s. l., c. 500m. WSW of mound), with an 
exposed area of three hectares, but has been heavily truncated by recent activity, 
especially the northern slopes. Baird (pers. comm. ) suggests a total area of the mound 
of some six hectares. Survey work (Baird, pers. comm. ) has shown that there is some 
evidence of Early Bronze Age activity, but the main phases of occupation were in the 
Hellenistic to Byzantine periods. Coring took place in an area of little disturbance on the 
southern slopes of the mound, c. 3.5m above the surrounding land surface. 
The top 50cm (1011.18 - 1010.68 m. a. m. s. l. ) of the core (Figure 5.5) consisted of a 
weakly developed topsoil overlying a loose sandy silt containing some redeposited 
cultural material. Below this there was a further metre or so of slightly finer silt, still 
with redeposited cultural material, all presumably colluvial material derived from further 
upslope. Below a depth of 1.55m (1009.63 m. a. m. s. l. ) there was some evidence of 
stratified layers which may have been in situ archaeological deposits, though because of 
the small diameter of the core this was not entirely clear and may have been stratified 
slopewash deposits. The cultural deposits continued to a depth of 3.31m (1007.87 
m. a. m. s. l. ) where the sediment became finer and stiffer and although clearly contained 
some cultural material also comprised a substantial alluvial element. The same alluvial 
material (a slightly sandy clay-silt) was extant to a depth of around 5m (1006.18 
m. a. m. s. l. ) though there was no apparent cultural material below 4m. This alluvial 
material appeared to be very similar to the 'Upper Alluvium' recorded elsewhere. 
Below 5m this became quite stiff and darker in colour, containing abundant reddish 
mottling, not dissimilar to the backswamp clay elsewhere. This layer was about 32cm 
thick and exhibited increased organic matter content and reduced CaC03 equivalent and 
magnetic susceptibility, compared with the overlying alluvium. There was then another 
transition with marl being present below 5.43m. Coring continued through the marl to a 
depth of 5.8 1 m, no other material was evident. 
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Situated some 400m ESE of the mound a small pit had been dug for the disposal of 
agricultural waste. Although this was only just over 2m deep, it appeared to have 
exposed in section a full sequence through alluvial deposits and into the underlying lake 
marl. This section was therefore cleaned, recorded and sampled, as it was hoped it 
would provide an ideal check on the geoarchaeological sequence from the mound. This 
section comprised five general units (Figure 5.5): The top 36cm (1007.58 - 1007.22 
m. a. m. s. l. ) consisted of topsoil and loose disturbed sediment; below this there was 
86cm of a brown, stiff blocky clay with occasional cultural material, interpreted as 
mixed colluvial and alluvial material; this was underlain by 60cm of brown alluvial clay, 
similar to the 'Upper Alluvium' and almost certainly the same deposit as that recorded 
from the mound, though not as thick and finer than the mound material (Figure 5.4), 
suggesting the possibility of a subtle colluvial element in the corresponding mound 
deposit; below this was a layer of dark, stiff blocky clay, similar to the backswamp 
clay, though this was only 20cm thick (down to 1005.56 m. a. m. s. l. ), and was 
underlain by lake marl. 
The lithostratigraphy recorded in the core and the section at Okqu initially appeared to 
correlate quite well. Both consisted of clearly colluvial material overlying two broad 
alluvial deposits; an upper, coarser alluvium and a lower backswamp clay. However the 
upper deposit was somewhat thicker in the core. Both of the alluvial deposits appeared 
to correspond well with those at I; atalh6yiik and Musalar but were much thinner than at 
these other sites, particularly the lower deposit which was only about 20 - 32cm thick. 
Given the location of this site some 12km upstream of qatalh6yiik and nearer to the fan 
apex, the opposite would have been expected, with the much thicker deposits at Okqu. 
This may well be explained by the top elevation of the marl here, above 1005.5 
m. a. m. s. l., higher than at any other site, therefore creating an obstacle to alluvial 
deposition. That this deposit was definitely marl was confirmed by the laboratory 
analysis showing significantly increased CaC03 equivalent and reduced organic content 
and magnetic susceptibility compared with the alluvium above. 
5.2.3 Boyall Tdmek 
This is the mound referred to by French (1970) as Boyali TOmegi L to which he 
ascribed a tentative date of the fourth millennium BC. More recent survey work (Baird, 
pers. comm. ) however, has suggested that the major phase of occupation here was 
slightly later, in the Early Bronze Age, though there is a possibility of some activity in 
the late Chalcolithic as well as some evidence for occupation during the Iron Age and 
Hellenistic periods. It is a small mound, with an exposed area of about two hectares, 
113 
situated about 5.5krn due east of the village of GUvercinlik and about 7.5km ENE of 
(; umra, and rising some 3.2m above the surrounding field level (1004.86 m. a. m. s. l. 
adjacent to north-west edge of mound). Coring took place on the southern slope of the 
mound and an exposed section was located in an irrigation channel 200m north-west of 
the mound. 
The top 2.78m (1006.85 - 1004.07 m. a. m. s. l. ) of the core (Figure 5.6) consisted of 
cultural material, exhibiting variable measured parameters. This overlay c. 1.2m of stiff 
dark brown alluvial clay which became slightly coarser and more friable with depth, 
particularly below 3.28m (1003.57 m. a. m. s. l. ) where there was a significant sand 
component and a reduction in organic matter content. Magnetic susceptibility also 
showed a rise with increasing depth, having been quite low in the upper section of the 
unit. Initial analysis did not suggest whether these deposits clearly belonged to any of 
the major alluvial units identified at other sites. Between 3.98m and 4.22m. was a layer 
of brown sandy silt loam, far coarser than most alluvial units identified elsewhere other 
than those from palaeochannel fill deposits. This was underlain by 32cm of olive brown 
clay, though this too became coarser with depth, exhibiting raised organic and 
carbonate content compared to the material above and variable magnetic susceptibility. 
Under this lay 36cm of sandy loam which overlay more clay. Below this were a 
number of alluvial layers of varying texture, ranging from silty clay loam to loamy 
sand. At a depth of 5.86m (1000.99 m. a. m. s. l. ) these deposits gave way to lake marl, 
a total of more than three metres of mixed alluvial materials. All deposits between the 
upper alluvial clay and the lake marl exhibited high magnetic susceptibility, with values 
in excess of 0.8 [tM3 kg-1 being typical for the sandier layers. 
Clearly the sequence at Boyali Tbmek was not consistent with the fine alluvial pattern 
observable at Musalar and in Catalh6yUk, core 94B for example, but had far more in 
common with sequences through palaeochannel deposits such as those in q; atalh6yUk 
Cores 95E and 95F, with alternating bands of fine and coarse alluvial materials 
testifying to a dynamic palaeohydrological environment. It has been suggested 
(Roberts, 1996) that the sequence here, in common with those at Qatalh6yUk, 
represented a number of former phases of activity of the qar5amba River, which at 
least until the sand ridge was breached north of Qumra was clearly deflected east by the 
sand barrier to this part of the plain. As for the nature of the fine alluvial layers, these 
cannot be clearly assigned to any of the major fine alluvial units without further analysis 
(see below), though clearly if different phases of fluvial activity were represented here 
than further west, such analysis may also be inconclusive. The pattern from the loss on 
ignition and magnetic data compared to the lithostratigraphy also varied between fine 
alluvial units. The upper and lower clay deposits exhibited increased organic matter and 
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calcium carbonate corresponding to reduced magnetic susceptibility in the main body of 
the unit (though the magnetic susceptibility was always high in comparison with the 
I; atalhbyok data), whereas the increase in organic matter and carbonate equivalent in the 
middle clay unit corresponded with an increase in magnetic susceptibility to the highest 
level in the whole core. Could this be evidence of soil formation or topsoil erosion at 
this level? The pattern observed in the Boyah core was complicated by that recorded in 
the adjacent section. 
Recent irrigation channel cutting had exposed a sequence over 3m deep just 200m 
north-west of the mound. The water table here was much higher than to the west and so 
the bottom of the ditch was water filled. However it was possible to record and sample 
the top 3.1m (1004.66 - 1001.56 m. a. m. s. l. ) of the sequence (Figure 5.6). This 
consisted entirely of what on initial observation appeared to be homogenous alluvial 
clay, though closer analysis revealed very subtle variations down the sequence. This 
material resembled the uppermost clay deposits in the core, which had certain affinities 
with the 'Upper Alluvium' observed further west. 
What was clear from the two sequences at Boyali, was that there had been well in 
excess of 3m of alluvial deposition over the Pleistocene lake deposits, comparable with 
the situation at Catalh6yUk. Indeed there appeared to have been 3m of pre-Hellenistic 
alluviation if it is assumed that this was actually the latest date of occupation on the 
mound and therefore that represented by the lowest archaeological deposits in the core 
(an OSL date of 2187±443 BP on material 2.2m below the basal archaeological 
deposits appears to be too young). Unfortunately the full alluvial sequence was not 
observable in the section but the depth of the basal alluvium compared with the current 
land surface suggested that there has been up to 3.8m. of Holocene alluviation. The 
dating of the main phases of alluvial accumulation will be in some way dependent on 
the nature of the easterly flow of the Carsamba subsequent to the breaching of the sand 
ridge. Clearly if the Hellenistic or even earlier archaeology lay on unweathered alluvial 
sediment there must have been some post-breach alluviation as this has been shown to 
have occurred in the early Holocene. Clear correlations between Boyali materials and 
those to the north and west are therefore needed to clarify this point, especially given 
the unsatisfactory nature of the one radiometric date from Boyah T6mek. The measured 
parameters for the alluvium in the core and section at Boyali T6mek did not suggest any 
clear affinity with either of the main alluvial units at I; atalh6yUk, though the particle-size 
distribution curves (Figure 5.7) suggest similarities between all of the Boyali alluvium 
and the 'Upper Alluvium! at Qatalh6y0k, rather than the lower unit. 
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5.2.4 Kuru Hdyiik 
This is the most easterly of the mounds investigated during the research, situated south 
of the eastern section of the sand ridge c. lkm north of the village of oqhUyUkler and 
c. 15km due east of I; umra. It is a large mound, rising c. 10m above the surrounding 
ground level (1000.69 m. a. m. s. l. c. 150m SSW of mound), and with an exposed area 
of some seven hectares. French (1970), who refers to this mound as OqhUyUk II, and 
more recently, Baird (pers. comm. ) have suggested that occupation was established 
here during the Early Bronze Age with the major phase of activity during this period. 
The core was located on the northern eminence of the mound, with an irrigation ditch 
c. 830m SSW of the mound exposing a full alluvial sequence. 
The upper 3.3m (1002.81 - 999.51 m. a. m. s. l. ) of the core sequence (Figure 5.9) 
consisted of mixed cultural material with stratigraphically variable measured parameters. 
Below this were a number of thin, slightly differing alluvial layers. The first of these 
(3.30 - 3.52m) was a layer of dark greyish brown firm alluvial clay with occasional 
beige, probably carbonate, nodules. Below this was 18cm of brown firm alluvial clay 
with some mottling and below this lay 22cm of brown firm clay (down to 998.89 
m. a. m. s. l. ). These three layers all exhibited moderate organic content (c. 5%), and 
CaC03 equivalent (17 - 30%), and low (0.24 - 0.29 gM3 kg-1) mass specific magnetic 
susceptibility. Below these was a layer of brown firm silty clay with occasional small 
white (probably carbonate) nodules, which exhibited similar organic and carbonate 
levels to the layers above but elevated magnetic susceptibility, possibly related to the 
coarser texture of the deposit. Unfortunately coring ceased at this point without full 
penetration of the alluvial sequence. 
The irrigation ditch SSW of the mound had exposed a sequence of 2.7m of deposits 
(Figure 5-9). The upper section of the sequence was difficult to clean but the first metre 
or so (999.90 - 998.90 m. a. m. s. l. ) consisted of a very dark greyish brown firm silty 
clay with some reddish and black mottling and occasional salt crystals. This overlay 
c. 30cm of clay, visually very similar to the layer above but much finer, containing 
abundant salt crystals and some carbonate nodules and shell fragments. Below this was 
c. 40cm (down to c. 998.20 m. a. m. s. l. ) of equally fine but slightly paler material, still 
with salt crystals, carbonate nodules and shell fragments. This was underlain by Im of 
material which was described in the field as transitional between alluvium and marl. The 
upper c. 30cm of this was a greyish brown, firm to slightly friable clay loam with some 
salt crystals and occasional shell fragments. The remainder of the sequence consisted of 
material of a similar texture with similar inclusions, but of a paler, olive colour. Only 
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five samples of material were taken from this sequence, and these only from the middle 
part of the section so a full range of characteristics through the profile was not possible. 
These exhibited an organic content between 3% and 6%, CaC03 equivalent variable 
between 16% and 32% and a low magnetic susceptibility (:: ý 0.31 gM3 kg-1). This latter 
characteristic along with the material colour and texture suggested that the middle clay 
layers were similar to the backswarnp clay discussed above. However the layers above 
and below were more difficult to interpret in relation to those observed elsewhere. The 
upper layer was similar in appearance to the 'Upper Alluvium' but the high carbonate 
content and low magnetic susceptibility were not consistent with this deposit, though 
only the base of this layer was sampled, which may have distorted the overall 
interpretation of the deposit. The lower layers may well have been transitional between 
alluvium, but as true lake marl was not reached this is not certain. Indeed the lowest 
sample exhibited an increased magnetic susceptibility, the opposite of what would have 
been expected with an increased marl content. 
Taken together, the two sequences recorded provided an incomplete picture of the full 
alluvial chronology in this area, particularly as neither penetrated all alluvial layers. It is 
possible that the fine clay deposit situated directly below the cultural material in the core 
was the same deposit as the fine clays recorded from the central part of the section. The 
thickness of the deposits was similar in each case (though the relative elevations varied 
by more than 50cm) and suggested c. 70cm of backswamp clay accumulation, which, 
given the date of the mound was likely all to have been pre-Early Bronze Age. Given a 
uniform backswamp accumulation at both locations, this also suggested the 
establishment of the settlement at the end of the backswamp phase and therefore pointed 
to"a change in alluvial regime during, or slightly prior to, the Early Bronze Age. 
However, the particle-size distribution curves for the alluvium in the core (Figure 5.8) 
suggest a much closer affinity to the 'Upper Alluviunf at Qatalhbyfik, rather than the 
backswamp clay. With one exception, the curves for alluvium from the section show no 
af finity with any of the Catalh6yiik alluvial deposits, so again, more detailed analysis is 
required to relate these deposits to the broad alluvial chronology. 
5.3 Sites north of the sand ridge 
Having described the sequences at the four sites and nearby exposures recorded in the 
area south of the sand ridge, the sequences at sites north of this feature can now be 
discussed. This will be done in spatial order with those to the south and closest to the 
most recent courses of the I; arsamba river, such as Dedeli and Sircak Myfik, being 
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discussed first, with those further out onto the fan, such as Avratham and Ku$lu 
Hbyak being considered last. 
5.3.1 Dedeli Hdyiik 
This is a moderate-sized mound, with the summit standing about 8m above the 
surrounding surface level (1003.71 m. a. m. s. l. in a field to the east of the mound), and 
covering an exposed area of some 3.2 hectares, though Baird (pers. comm. ) estimates a 
total area of perhaps up to ten hectares. It is situated c. 1.5km south of the village of 
Alemdar and 4krn south-west of 1; atalh6y0k. French (1970) suggests that the mound is 
Early Bronze Age in date, but more recent survey (Baird, pers. comm. ) has produced 
evidence of initial activity in the Neolithic, continuing throughout the Chalcolithic with a 
major occupation phase during the Early Bronze Age. There was then further major 
activity through the Hellenistic to Byzantine periods. 
Coring took place on the eastern slope of the mound, 2m above the level of the 
surrounding plain. The core reached a depth of 3.9m with the top 2.9m (down to 
1002.11 m. a. m. s. l. ) of this being cultural material (Figure 5.10). The lower metre was 
lake marl, apparently mixed with brown clay patches in places. There was no evidence 
of any alluvial deposits, the archaeological levels appearing to be located directly on top 
of the marl. 
Abo 
- 
ut 630m to the north-west of the mound a small pit dug by the side of the road had 
exposed alluvial deposits and what appeared to be lake marl at quite a shallow depth. 
one side of the pit was cleaned and the section recorded and sampled (Figure 5.10). At 
the top of the section was 10cm of topsoil (1002.82 - 1002.72 m. a. m. s. l. ) which was 
underlain by im of dark brown, stiff blocky clay which became finer with depth. 
Below this was 60cm of mixed marl and fine alluvial clay and underlying this to the 
base of the pit at 2.1m (1000.72 m. a. m. s. l. ) was a layer of sandy marl, still with some 
alluvial clay within it. In the field it was proposed that the clay layer was very similar to 
the backswamp clay at Qatalh6yiik just 4km away, and this was bome out by the 
laboratory analysis, including particle-size analysis (Figure 5.11). However, the 
magnetic susceptibility readings were rather higher than would be expected for this 
deposit, as had been the case with the Musalar samples (some samples from both Dedeli 
H6yUk sequences were also replicated (see above, Chapter Three), and like those from 
Musalar Hbyfik only showed a c. 10% reduction in magnetic susceptibility compared 
with the first samples, still much higher than in comparable materials at other sites). The 
full alluvial sequence at this location was apparently exposed, with the marl also being 
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penetrated. What was very noticeable was how thin the alluvium was here, the 
backswamp clay only being about two thirds the thickness of that at Catalh6yiik and 
even Boyah Tbmek, and there being no upper alluvial deposit at all. This phenomenon 
may be explained, along with the lack of alluvium below the archaeological deposits, by 
natural undulations in the underlying deposits. If this location witnessed a raised area of 
lake marl (as had been observed at Okqu 116yfik), then there would naturally have been 
less alluvial accumulation than in lower lying areas, and if, as has been proposed, the 
upper alluvium was less extensive than the backswamp this may have explained its 
absence from the Dedeli area. Similarly, if there was a raised area of marl and this 
protruded above surrounding alluvial deposits, then the establishment of settlement on 
the higher ground would not be all that surprising, even directly on top of lake marl. 
5.3.2 Sircak Hdyiik 
This is a small mound with an exposed area of two hectares, situated c. 2km south of 
Qatalh6yUk. It has recently been heavily truncated on all sides, with the summit being 
some 2m above the surrounding ground level, though this may have undergone some 
truncation also (elevation of adjacent field level = c. 1004 m. a. m. s. 1. ). Survey (French, 
1970; Baird, pers. comm. ) has shown that there was some activity at the mound during 
the Roman and Byzantine periods but not before. 
The core was located to the south-west of the mound, adjacent to where truncation had 
left a vertical section through the edge of the mound. This section extended 70cm above 
field level (1004.70 m. a. m. s. l. ) at which coring commenced. Above the top of the core 
was 28cm of topsoil and beige crumbly soil, overlying 42cm of homogenous beige silt, 
probably culturally derived. This was not sampled. The top 3 lcm of material in the core 
(Figure 5.12) had been disturbed by ploughing and overlay a number of mixed cultural 
layers. Below c. 1.3m however the sediment was a much finer clay, becoming finer 
with increased depth and although this contained cultural materials, appeared also to 
comprise an alluvial element. The magnetic signal was also quite constant throughout 
this material, unlike the more erratic nature normally observed in cultural deposits. 
Unfortunately the coring could not continue below 2m due to equipment failure and so 
it was not possible to recover a full archaeo-alluvial sequence. Initial analysis of the 
partly alluvial material suggests that it was probably the same material as the 'Upper 
Alluvium'. Because of the lack of material sampled and therefore information 
concerning the geoarchaeological sequence at this point, data from this site were not 
analysed further. 
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5.3.3 Torundede Hdyiik 
This is a large mound with an exposed surface area of some 6.1 hectares, situated about 
5.5krn south-east of (; atalh6yiik and less than I km north of the sand ridge. It is located 
adjacent to a small spring-fed lake and rises some 6m above the surrounding ground 
level (c. 1003.6 m. a. m. s. l. adjacent to mound). Survey work by French (1970), who 
refers to the mound as Haciseyyidin I; iftlik, and Baird (pers. comm. ) has shown that 
there was no occupation here prior to the Hellenistic period, but that there was 
substantial activity during the Hellenistic to Byzantine periods. The core here was 
situated on the north-east slope of the mound, about 43m. north-east of, and 3m below 
the summit. No adjacent exposed section was located but as the core penetrated the 
entire alluvial sequence in this area below what is quite a late mound this lack of a check 
was not considered a serious problem. 
The top 3.24m (1006.68 - 1003.44 m. a. m. s. l. ) of the core (Figure 5.13) consisted of a 
range of cultural deposits with variable organic matter content and moderately high and 
variable magnetic susceptibility. With the exception of the uppermost deposits the 
CaC03 equivalent content was reasonably constant. Below the cultural material was a 
22cm thick layer of stiff, dark brown silty clay which contained some carbonate 
nodules. This exhibited quite high magnetic susceptibility, moderate CaC03 but low 
organic matter. Below this was c. 60cm of stiff dark greyish brown clay which included 
some shell fragments, and exhibited variable CaC03 equivalent and magnetic 
susceptibility but an increased organic matter content. This was underlain by 33cm of a 
dark but slightly coarser clay deposit (the middle 15cm of this was not recorded but 
removed intact for OSL dating) which again included some shell fragments. Moderate 
organic and CaC03 levels were recorded but magnetic susceptibility was low for this 
and all subsequent deposits. Under this lay 54cm of slightly finer dark greyish brown 
stiff clay, to a depth of 5m (1001.68 m. a. m. s. l. ), still with some shell fragments. From 
5 to 5.1 m was a thin layer of very dark greyish brown silty clay with a low organic 
content but with a high carbonate equivalent (almost 40%, compared to less than half 
that for the materials above and below). Magnetic susceptibility was unaffected by this 
'blip' in the other curves. Below this was a further layer of dark greyish brown stiff 
clay with occasional shell fragments and carbonate nodules. This became mottled and 
slightly coarser below about 5.7m and at 6m (1000.68 m. a. m. s. l. ) gave way to a 
brown silty clay layer containing occasional shell fragments. The base of this layer was 
at 6.45m (1000.23 m. a. m. s. l. ) and was underlain by 7cm of sandy marl exhibiting 
very low organic content and only 24% CaC03 equivalent. Below this was fine lake 
marl exhibiting more 'normal' carbonate levels, approaching 40%. 
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Taking all of the data together, the sequence from this core could be seen as being quite 
similar to that at (; atalh6yiik with some minor differences. The base of the sequence 
consisted of lake marl, though this was sandy at the top, possibly suggesting a deltaic 
deposit, not dissimilar to that exhibited in Qatalhbyiik core 94D, for example. Above 
this was about 2m of clay and silty clay alluvial deposits, typically exhibiting organic 
content of c. 5% and CaC03 equivalent of c. 20%. Mass-specific magnetic susceptibility 
remained constantly low (: 5 0.4 [jM3 kg-1). This pattern was consistent with that of the 
backswamp clay at I; atalh6yiik with the exception of the thin deposit at 5m which may 
have been a, local variation within the overall sequence. Above this was a further 
c. 80cm of fine alluvium, exhibiting more variable organic and carbonate content and 
increased magnetic susceptibility and consistent with the 'Upper Alluvium' elsewhere. 
Given that the interface of this layer and the cultural material was about 70cm below the 
current land surface, this would also give a total thickness of deposit consistent with 
that of the 'Upper Alluvium' at Catalhbyiik. Particle-size distribution curves for the 
alluvial deposits from this core (Figure 5.14), also demonstrate a consistency with 
those from the similar units at I; atalh6yiik. 
5.3.4 Uriimdii Hdyiik 
This is a moderate-sized mound with the summit rising some 3.5m above the level of 
the surrounding plain (c. 1004 m. a. m. s. l. adjacent to site), and with a current exposed 
surface area of about four hectares. It is situated 3.5km south-east of I; atalh6yiik and 
slightly more than lkm south of an eastern, canalised branch of the C'ar5amba river. 
French (1970) refers to this site as Oriindflkti Hilyilk and ascribes to it a date in the third 
millennium BC. More recent survey work by Baird (pers. comm. ) has confirmed an 
Early Bronze Age date for the major period of occupation at the site but has raised the 
possibility of there having been some activity during the Middle to Late Bronze and 
Early Iron Ages. There was also some Roman and Byzantine activity here. The core 
was taken at the north-eastem edge of the mound and it was noted in the field that it 
may have been taken too far downslope to recover any in situ archaeological deposits. 
There were no exposed sections in the irrigation canals adjacent to the site, but a large 
canal c. 2km NNE of the mound revealed in excess of 3.6m of sediments in section. 
The upper c. 2.85m (1004.60 - 1001.75 m. a. m. s. l. ) of the core (Figure 5.16) consisted 
of cultural deposits, though it was unclear whether these represented in situ 
archaeological layers. Below the cultural material was c. 45cm of dark greyish brown, 
fine clay with occasional carbonate nodules, shell fragments and marl patches. At a 
depth of 3.34m (1001.26 m. a. m. s. l. ) a thin (3cm) layer of marl was present with a 
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Section 
continuation of the fine clay for another 8cm below this. There was then another layer 
of marl (I 1cm thick), again giving way to a further 12cm of clay. Below this there was 
a more substantial 30cm thick layer of marl which overlay more clay. This was 68cm in 
depth and appeared to consist of a number of subtly different layers, becoming coarser 
with depth. This was then underlain by a further thin (1 lcm) layer of marl. Below this 
was 53cm of very fine clay, varying in colour from olive grey to very dark greyish 
brown, but always including some carbonate nodules. This gave way to a slightly 
coarser clay at 5.35m (999.25 m. a. m. s. l. ), which was 38cm thick and overlay 12cm of 
clay loam. This was underlain by sandy marl, the lowest deposit reached during coring. 
The sequence in this core was quite unlike that encountered at any other site. There had 
been other instances of alternating alluvial deposits, with departures from the general 
trend of coarser alluvium overlying finer backswamp clay. However in this core there 
were alternating layers of alluvium and lake marl, suggesting periodic stands of lake 
waters in this area alternating with periods of alluvial inundation. The upper alluvial 
clay deposits all appeared to be similar to the backswamp clay recorded elsewhere 
(magnetic susceptibility remained very low throughout the non-cultural deposits), 
though the particle-size distributions (Figure 5.15) suggested, if anything, a closer 
affinity with the Catalh6y0k 'Upper Alluvium'. The very fine clay below 4.75m 
(999.85 m. a. m. s. l. ) did however exhibit a significantly raised organic matter content, 
suggesting a closer similarity with the organic clay observed in some of the I; atalh6yiik 
sequences, and at other sites (see below), although it was not typically of a very dark 
grey to black colour, as had been the case elsewhere. The basal alluvial deposit was 
clearly neither backswamp or organic clay. However the sand content suggested this 
may have been deltaic material, transitional between the marl and alluvium. 
Alternatively it may have represented a levee deposit, the material above becoming finer 
as the river channel here moved further away. Unfortunately there was not a section 
through the alluvial deposits exposed adjacent to the site to act as a check on this 
sequence, however the exposure 2krn NNE of the mound did also reveal an unusual 
sequence. 
This section was 3.68m deep, with four broad units being observable (Figure 5.16). 
The upper and most substantial deposit consisted of 2.3m (1002.65 - 1000.35 
m. a. m. s. l. ) of brown alluvial clay, though only the lower 25cm of this was cleaned, 
and this was not sampled. Field description of this deposit suggested it was probably 
the 'Upper Alluvium', familiar across a large part of the fan. However, rather than 
overlying finer alluvial sediments, it lay on top of 30 - 40cm of marl, similar in 
thickness to that observed between 3.68m and 3.98m (1000.92 - 1000.62 m. a. m. s. l. ) 
in the core and exhibiting very similar measured parameters. This then overlay 50cm of 
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dark greyish brown, very stiff fine clay, described in the field as backswamp clay, with 
laboratory analysis appearing to support this suggestion. This was also very similar to 
the material underlying the thicker marl layer in the core. The backswamp clay then 
overlay a deposit of sandy loam which coarsened downwards to a fine sand at the base 
of the section. It is not known whether further alluvial deposits lay below this material. 
Overall then, although these two sequences were some 2km apart, they both provided 
records of the apparently anomalous nature of the sedimentary chronology in this area, 
and although the sequence observed in the core was more complex than that in the 
section, some correlation between the two does seem possible, particularly between the 
marl in section and the thicker marl layer in the core and the corresponding underlying 
layer in each sequence. Indeed greater correlation may have been possible if a fuller 
sequence had been available in section. More detailed statistical analysis of all the 
sediments recorded is clearly vital for a better understanding of this anomalous 
sequence, especially as the material described as similar to the I; atalhdyiik lower alluvial 
deposit from both core and section, exhibited particle-size distributions with closer 
affinities to the 'Upper Alluvium, with a broad range of alluvial types showing some 
affinities with both upper and lower alluvial units at Qatalhbyilk. 
5.3.5 Kizil Hdyiik II 
This is a small mound situated 3krn south of the town of Karkin, c. 2.5krn ESE of 
Ordinda HbyUk and c. 2.5krn north-east of Torundede MyUk. The mound is very low 
and flat, having been levelled for cultivation, with the summit now only rising 1.3m 
above the surrounding land surface (1002.99 m. a. m. s. l. adjacent to south-western edge 
of mound), and covering a present surface area of just 1.7 hectares. Locally the mound 
is known as Araboglu H6y0k, which provided some confusion in the field. However, 
Araboglu T6megi is a much larger mound c. lkm to the ESE, GPS readings confirming 
the mound recorded as Kizil H6yfik on the 1: 25000 military map. There are a number 
of mounds in the area called Kizil (Turkish: Red), and indeed this was the second 
named such example visited in 1995, the suffix here being the same as that given by the 
Liverpool survey team (Baird pers. comm. ). French's (1970) survey suggests a 
sparsity of sites in this area and he records neither of these two mounds. Baird (pers. 
comm. ) in recent survey has shown Kizil 11 to have been established in the Iron Age 
with the major occupation during this period, though there was also evidence of some 
Hellenistic activity. 
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The core was located towards the south of the mound and recovered 4m of stratified 
deposits (Figure 5.17). The top 20cm (1004.35 - 1004.15 m. a. m. s. l. ) of material in the 
core was topsoil, which overlay cultural deposits. These extended to at least Im in 
depth where there was a break in the core sequence. From 1.23m to 1.48m there was a 
layer of dark greyish brown, firm but slightly friable fine clay, which was underlain by 
slightly coarser and more friable material, to a depth of 2m (1002.35 m. a. m. s. l. ). There 
was no cultural material evident in either of these deposits, they therefore appeared to 
have been alluvial clay. There was then another break in the sequence with further dark 
brown fine clay from 2.18m to 2.65m, similar to the layers above and described in the 
field as 'Upper Alluvium'. Certainly the magnetic susceptibility readings for these 
deposits confirmed this suggestion, though a piece of pot was recovered from close to 
the top of this lower unit, suggesting some colluvial or anthropogenic input. At 2.65m 
(1001.70 m. a. m. s. l. ) there was a clear change to a darker, finer clay, with increased 
organic content, and reduced carbonate and magnetic susceptibility compared to the 
layers above. This was described as 'Lower Alluvium' or backswamp clay in the field 
and appears to be similar to this material as described elsewhere. This continued to a 
depth of 3.66m (1000.69 m. a. m. s. l. ), though becoming slightly coarser with depth. 
Below this there was lake marl which continued to the base of the core at 4m. 
If the suggestions about the nature of the alluvial layers in this core were correct (and 
the particle-size data (Figure 5.18) backs up that of the other measured parameters), 
then the sequence here was not dissimilar from that recognised at Qatalh6yfik, with 
c. 1.5m of 'Upper Alluvium' overlying c. lrn of backswamp clay, the Iron Age 
settlement having been established on the 'Upper Alluvium' as would be expected. One 
contrast with the qatalhbyfik sequence was the relative thickness of the deposits, the 
backswamp clay being considerably thinner here than elsewhere, and indeed 
substantially thinner than the upper alluvial unit, though the possibility of a colluvial 
input to the upper deposits may explain this latter phenomenon. The reduced alluvial 
thickness may be simply explained by the location of the site, east of the central part of 
the fan and therefore away from areas of major alluvial deposition, assuming a simple 
spatial depositional pattern. Unfortunately no adjacent exposure of sedimentary deposits 
was recorded as a check on the core sequence, though the GPS data suggested that 
there was c. 2.3m of Holocene alluvium below the current ground surface in this area. 
However, as explained above, some of the upper deposits may have been colluvial in 
origin. 
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5.3.6 Agadami Hoyiik 
This is a small mound with a current surface area of about two hectares, though recent 
survey (Baird, pers. comm. ) suggests activity over an area of perhaps seven hectares. It 
is situated 2km due east of the village of KUqfikk6y and 3km north-east of I; atalhbyuk, 
with the top of the mound standing c. 2.6m above the level of the surrounding plain 
(1002.65 m. a. m. s. l. adjacent to south-eastern edge of mound). The mound has been 
heavily truncated by recent agricultural activity, especially to the east and also the north. 
Previous survey (French, 1970; Baird, pers. comm. ) has shown this to be quite a late 
mound, with establishment and major activity being during Roman times, with some 
continuity into the Byzantine period. A core was taken on the north-west slope of the 
mound and in an irrigation channel to the south of the mound, an exposed sedimentary 
sequence was recorded and sampled. 
The core reached a depth of 4.29m (1000.62 m. a. m. s. l. ), of which 3-95m was thought 
to be 
, 
of cultural deposits in the field. However, in the laboratory it became evident that 
only the upper 2.57m (down to 1002.34 m. a. m. s. l. ) of the core contained clearly 
cultural material (Figure 5.20). Below this was about 60cm of dark greyish brown clay 
overlying 20cm of silty clay. This in turn overlay another 60cm of clay which was 
underlain by 35cm of silty clay. At 4.29m the deposits became so stiff that it was not 
possible to core any deeper, thus coring was halted before full penetration of the alluvial 
deposits could be completed. The clay and silty clay layers below the archaeological 
levels included carbonate nodules throughout, and some freshwater mollusc shells. 
These deposits clearly contained some alluvial element with the measured parameters 
(including particle-size distribution (Figure 5.19)), and visual observation suggesting 
deposit 
-s 
similar to the 'Upper Alluvium' to a depth of 3.49m (1001.43 m. a. m. s. l. ) 
with backswamp clay below this. 
The section to the south of the site did penetrate the alluvial deposits and indeed 
extended some way into a range of underlying layers (Figure 5.20). The upper 1.6m 
(1001.66 - 1000.06 m. a. m. s. l. ) of this sequence consisted of very dark greyish brown 
fine clay, very similar in characteristics to the clay layers in the core, indeed this layer 
was described as 'Upper Alluvium' in the field though subsequent laboratory analysis 
suggested that this had closer affinities with the Qatalh6yfik backswamp clay. It was 
also apparent in the field that the top of the clay layer may have been truncated, which 
was borne out by the GPS data suggesting that the top of the section was c. I in below 
the general surrounding surface level, and may account for the apparent absence of an 
upper alluvial unit in the section. Below the alluvium was 85cm of marl which was 
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transitional into a 15cm layer of gravel. This was underlain at least to the base of the 
section, at 3.45m (998.21 m. a. m. s. l. ) by a number of horizontal and cross-bedded 
sands and fine gravel lenses. It was assumed that these lower deposits represented 
Pleistocene fluvial activity. 
Although the two sequences from Agadarm were incomplete, taken together they could 
be used to ascertain the full general alluvial sequence at this location. Taking the current 
surface level as an approximation of the top of the alluvium, this suggested about 2.6m 
of Holocene alluviation, which did not seem particularly unreasonable, given the 
location of the site on the fan. However, there appeared (from the GPS data) to have 
only been c. 30cm of deposition since the founding of the site in the Roman period 
(assuming the basal cultural levels of the core to have been of this date). Clearly further 
statistical analysis of the alluvial deposits involved is needed in order to clarify this 
situation beyond simply providing an overall alluvial depth in this area. 
5.3.7 Kizil Hdyiik I 
This' is quite a large mound with a current surface area of seven hectares, lying 3km 
north-east of KUqUkk6y and less than 2km NNE of Agadami H6yfik, its summit rising 
some 5.5m above the surrounding field level (1001.9 m. a. m. s. l. c. 300m SSW of 
mound). French (1970) describes this mound as Kizil HUyUk I- Karkin and gives it a 
third millennium BC date. More recent survey (Baird, pers. comm. ) agrees that the 
major phase of occupation was during the Early Bronze Age, but also suggests that 
there is evidence for activity as early as the Epi-Palaeolithic / Pre-pottery Neolithic in the 
form of microliths, as well as signs of activity through the Neolithic and Chalcolithic 
and again in Hellenistic and Roman times. A core was taken towards the southern edge 
of the mound and a full alluvial sequence down to lake marl was exposed in an 
irrigation ditch, 400m to the west of the site. 
The upper 2.66m (1003.13 - 1000.47 m. a. m. s. l. ) of the core (Figure 5.21) consisted 
of archaeological layers, with the volume of cultural material appearing to increase with 
depth, along with an increasingly erratic nature of the measured parameter curves. 
Between 2.66m and 3.1 lm there was a break in the sequence, material having been lost 
during coring. There was then 35cm of fine clay and an abrupt change to a much darker 
(and slightly coarser) clay, of which 21cm was recovered. There was then another 
break and then similar clay from 3.81m to 3.95m, (999.32 - 999.18 m. a. m. s. l. ). Below 
this was lake marl. The clay layers contained carbonate nodules and shell fragments, 
and were clearly alluvial in origin, with a total thickness of up to 1.3m of alluvium 
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below the archaeology. Although the type of alluvial material relative to those elsewhere 
was not immediately apparent there were strong indications that there were two different 
alluvial deposits present. The upper, paler material generally exhibited higher organic 
matter content and magnetic susceptibility than the lower, darker material. However, 
both units had a greater affinity to the Qatalh6yUk lower alluvial unit rather than being 
consistent with the upper and lower units. This is further borne out by the nature of the 
particle-size distribution curves (Figure 5.22). 
The sequence expose in section to the west of the site was described in the field as 
consisting of five general units, though subsequent laboratory analysis suggested this 
may have been an over-simplification (Figure 5.21). The upper 60cm of the section 
consisted of redeposited material thrown up by the ditch excavation and overlay 1.92m 
(1001.90 - 999.98 m. a. m. s. l. ) of dark brown, stiff clay, described in the field as 
'Upper Alluvium', though subsequent laboratory analysis showed that the upper two 
thirds of this deposit suggested a far greater affinity with the I; atalh6yUk backswamp 
clay, with the lower part of this deposit being finer and exhibiting raised organic matter 
content and reduced magnetic susceptibility, having more in common with the layers 
below than the material above. Below these layers was 40cm (down to 999.58 
m. a. m. s. l. ) of very dark grey, stiff fine clay, described in the field as backswamp, clay, 
though the laboratory data tended to suggest that this was more consistent with the 
organic clay layer observed in some of the sequences at Iýatalhdyiik, material c. 15cm 
from the base of the unit consisting of almost 8% organic material, with a clay content 
in excess of 90%. This material (organic sediment) was sampled for 14C dating, giving 
a date of 8330 ± 120 BP (c. 9400 BP cal. ) (Beta 90021). Below this was a thin 
transitional layer of mixed alluvium/organic clay and marl, and then 90cm of lake marl. 
This was not the basal layer, however, as below this lay 35cm of brown silty clay, 
which in turn was underlain by more lake marl to the base of the section at 998 
m. a. m. S. l. 
Together, the core and section sequences at this site provided a full alluvial sequence 
and gave some indication of where the archaeological deposits fitted within the overall 
geochronology. It appeared that the part of the archaeological site cored may have been 
established during accumulation of a deposit not dissimilar to the 'Lower Alluvium' or 
backswamp clay, as observed at qatalh6yiik. The evidence from the core also 
suggested a lower alluvial deposit, 50cm thick, though this too was similar to the 
backswamp clay. The data from the section suggested a far greater accumulation of 
alluvium with a substantial organic clay layer overlain by backswamp clay. The total 
alluvial thickness was clearly less substantial than at Catalh6yiik but the 'Upper 
Alluvium' was absent. This may be explained by the location of Kizil H6yflk I closer to 
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the fan edge, though sites closer to the fan periphery did exhibit this later unit. The 
backswamp clay layers in the core and the section appeared to correlate well, with their 
similarities shown by the measured parameters. However the organic clay was absent 
from the core, suggesting, as at ýatalh6yuk, the intermittent nature of this deposit, 
which did have close affinities, including particle size distributions (Figure 5.22) with 
the qatalhbytik material. The 14C date from the organic clay suggested an early 
Holocene date and clearly suggested that the silty clay between the marl layers was 
Pleistocene in date. This date, calibrated to c. 9400 BP can be compared with an OSL 
date of 8937 ± 1868 BP for the base of the backswamp clay south of Catalh6yiik, and 
although we may not have been looking at exactly the same materials of an exactly 
comparable date, then the same lower chronological sequence was apparent at both 
locations. If the Kizil I core and section could be correlated with one another then this 
would suggest a late Early Bronze Age date for the lowest cultural deposits cored 
(though not necessarily for the mound as a whole), and subsequent burial by less than 
Im of alluvium, which may have implications for the dating and nature of this deposit. 
Clearly this is an important area which needs to be considered during more detailed 
statistical analysis of the individual deposits, and when discussing the overall 
geochronology of events during the Holocene across the fan. 
5.3.8 Ktzlar Hdyiik 
This moderate-sized mound is situated 4.5krn north of KiIqUkk6y, the furthest north of 
the mounds sampled and one of the furthest from the fan apex. The top of the mound 
stands c. 6m above the surrounding current surface level (c. 1000 m. a. m. s. l. adjacent to 
mound), and the mound has a current exposed area of four hectares. Earlier surveys 
(Mellaart, 1961; French, 1970) make no mention of Kizlar Myfik, but more recent 
work (Baird, pers. comm. ) has established that the earliest (and main) occupation at the 
site was during the Early Bronze Age. There was also further major activity during the 
Roman and Byzantine periods, though no apparent occupation during the intervening 
millennia. A core was located on the north-west slope of the mound, c. 3m above the 
surrounding field level. A small irrigation ditch c. 500m north of the mound had 
exposed an alluvial sequence down to lake marl. This was cleaned, recorded and 
sampled as a natural check on the core sequence. 
The core sequence was a little more difficult to understand than at some sites as it was 
unclear for most of the depth whether or not cultural deposits were present or not. The 
sequence appears to have been as follows (Figure 5.24): The top 75cm (1002.71 - 
1001.96 m. a. m. s. l. ) of the core consisted of friable colluvium, containing a great deal 
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of post-depositional carbonate nodules and salt pans. There was no obvious cultural 
material present, though the colluvium may have consisted predominantly of eroded 
mud bricks. Below this was c. 45cm of cultural material which overlay 1 lcm of a marl- 
like material (probably anthropogenically redeposited). There was then a further 34cm 
of cultural deposits before a 16cm break in recovered sediments. Below this was 8cm 
of olive grey silty clay with a thin salt crust, no cultural material was evident. There was 
then a further 60cm of cultural deposits, though a thin sandy layer ran through this 
between 2.22m and 2.24m (1000.49 - 1000.47 m. a. m. s. l. ). This exhibited low organic 
content and high magnetic susceptibility and may have indicated a high-energy flood 
event at this level. There was a further 57cm of silty clay material below the cultural 
levels with no cultural materials evident. Below this there was 54cm of variable 
deposits consisting of clearly cultural materials, redeposited marl and some apparently 
non-cultural silty clay. There was then a 20cm break in recovered deposits with all 
material below this appearing to be of natural origin. These consisted of 39cm of silty 
clay (alluvial) deposits and 4cm of transitional material, overlying basal marl (top at 
998.38 m. a. m. s. l. ). 
The section sequence (Figure 5.24) also consisted of a very thin alluvial component, 
30cm thick (999-37 - 999.07 m. a. m. s. l. ), a 17cm transitional layer and then lake marl. 
The core and section sequences therefore both suggested little alluviation in this 
northern part of the fan, though the complex, slightly unclear nature of the core deposits 
may have suggested periods of alluvial inundation of archaeological deposits and 
therefore a greater total thickness of alluvial deposits than that recognised. There was 
also a contrast in the alluvial materials from the core and section. The material in section 
was quite a fine dark grey firm clay with very low magnetic susceptibility, very much 
like backswamp clay. The material from the core was much coarser, paler in colour, 
exhibited a generally higher magnetic susceptibility, and if anything, appeared to more 
closely resemble the 'Upper Alluvium', indeed the particle-size distributions (Figure 
5.23) suggested a closer affinity to this deposit for some of the KizIar materials, though 
in general there was no clear correlation with deposits at I; atalh8yfik. Clearly further 
analysis of the individual deposits would be necessary to clarify the nature and 
sequence of sediments in this area. It 
5.3.9 Dolay HUyiik 
This small mound, currently covering an area Of about two hectares, is situated near the 
north-eastem edge of the fan about 1.5km south-west of the village of Ovakavagi and 
3.5km north-east of Karkin, and rises only 1.5m above the surrounding field level 
(1000.13 m. a. m. s. l. c. 50m north-east of the mound). None of the earlier published 
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su rveys (Mellaart, 1961,1963; French, 1970) include this mound though the latter 
author does show the mound on his survey map without naming it. More recent work 
(Baird, pers. comm. ) has shown that there was some activity on the mound during the 
Iron Age, probably in the 7th - 8th centuries BC and again during the Byzantine period. 
Because of the slight elevation of the mound, a core was taken close to the top as it was 
thought there would only be shallow archaeological deposits to core through, and that 
the alluvium would also be quite shallow so close to the edge of the fan. 
The top 10cm (1001.57 - 1001.47 m. a. m. s. l. ) of the core (Figure 5.25) consisted of 
topsoil and then 1.55m of cultural material. This overlay 65cm (down to 999.27 
m. a. m. s. l. ) of olive grey to dark greyish brown, stiff alluvial clay and silty clay with 
some carbonate nodules, which was underlain by lake marl. As expected there was only 
a thin deposit of alluvium at this location though apparently thicker than that at Kizlar 
H6yUk. The texture of the clay was predominantly fine (Figure 5.26), although there 
was a thin layer of slightly coarser material mid-way down the alluvial profile. The 
texture, organic content and magnetic susceptibility of the clay suggested a material 
similar to backswamp clay, though the deposits did not have the appearance of this 
material as it occurred elsewhere on the fan. Two curves are illustrated for each 
parameter in Figure 5.25, as replicate samples were tested for variations in sample 
characteristics (see above, Chapter Three). 
No adjacent exposed section through natural sediments was available for recording and 
sampling as a check on the core sequence, and so the full Holocene alluvial sequence 
could not be recorded in the field. However the GPS data for the ground surface 
surrounding the mound suggested a total alluvial thickness of 86cm, and therefore only 
21cm of alluvial accumulation since the establishment of Dolay H6yuk. This was not 
surprising given the location of the site on the edge of the fan. What is of interest here, 
and will be developed in the following chapter is the nature of the material on which the 
site was founded. The date of the site (Iron Age) put it quite late in the overall 
archaeological sequence of the fan, yet initial data suggested the material underlying the 
site not to be the later'Upper Alluvium' observed elsewhere, but a sediment with a 
gr I eater affinity for the earlier backswamp clay. It may have been that deposition of the 
'Upper Alluvium' never reached this far, though it is imperative that the exact nature of 
the alluvium in this area is understood before reaching any conclusions. 
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5.3.10 Avrathani Hdyiik 
This large mound is situated 4km north-west of Kiiqfikk6y and only about 1.5km from 
the western edge of the fan. It rises about 1.5m above the surrounding field level 
(1001.13 m. a. m. s. l. adjacent to south-east edge of mound). It covers an area of nine 
hectares, though has clearly been truncated by recent ploughing. This appears to be the 
same mound referred to by French (1970) as ReistUmegi, to which he assigns a fourth 
millennium BC date, with occupation continuing through the third millennium. More 
recently Baird (pers. comm. ) has suggested the possibility of some late Chalcolithic 
activity at the site but has demonstrated that the major phase of occupation was during 
the Early Bronze Age, with little subsequent activity, though the site has more recently 
been used as a cemetery, as evidenced by the amount of ploughed out human remains 
currently lying on the surface of the mound. A core was taken on the eastern slope of 
the mound about lm above the surrounding field level and 40m from the'top' of the 
mound. An irrigation canal had been freshly excavated running c. north-south, 100m to 
the east of the mound, which had exposed a full alluvial sequence into the underlying 
lake'marl. This was cleaned, recorded and sampled at a point c. 150m south-east of the 
mound. 
The upper 2.5m (1002.16 - 999.66 m. a. m. s. l. ) of the core (Figure 5.27) consisted of 
cultural material, with increasing amounts of redeposited marl with depth. Below this 
lay 65cm (down to 999.01 m. a. m. s. l. ) of dark brown firm clay with dark reddish 
mottling and occasional carbonate nodules. This was underlain by 47cm of black, stiff, 
fine clay which became more friable with depth and exhibited increasing quantities of 
disturbed marl. A 14C date of 8700 ± 100BP (c. 9700 BP cal. ) (Beta 90019) was 
obtained for this deposit. Below this was pure lake marl. Although the two dark brown 
and black clay deposits could each be subdivided, particularly by texture, they did seem 
to form two general alluvial units. The upper of these exhibited raised magnetic 
susceptibility and reduced organic content compared to the lower, suggesting some 
similarities with the 'Upper Alluvium'. The lower unit, however exhibited qualities 
associated with the backswamp clay and organic clay observed elsewhere. The particle- 
size distribution curves for material from both units (Figure 5.28a) however, suggested 
a closer affinity with the Qatalh6yfik organic clay rather than the overlying deposits. 
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The sequence in section consisted of three broad units, recognisable in the field (Figure 
5.27). The upper 1-03m (1001.33 - 1000.30 m. a. m. s. l. ) consisted of dark brown firm 
clay and overlay Llm (down to 999.20 m. a. m. s. l. ) of stiff clay of a similar colour. 
There was then 27cm of transitional material overlying lake marl (top at 998.93 
m. a. m. s. l. ). It had been suggested from field observation that the upper clay was the 
same unit as the 'Upper Alluvium' described elsewhere and that the lower unit was 
similar to the 'Lower Alluvium' or backswamp clay observed elsewhere. However 
laboratory analysis suggested otherwise, with there being no apparent difference in the 
two units in terms of colour, magnetic susceptibility, organic and carbonate content. 
These all suggested parity with the upper material in the core and therefore a close 
affinity with the'Upper AlluviunY, the only changes in any of the measured parameters 
coming with the transition to lake marl. However, the particle-size distributions (Figure 
5.28b) again suggested closer affinities of the alluvial deposits with the organic clay at 
I; atalh6yiik, with some curves having no apparent correlation with any ratalh6yiik 
material. 
What the sequences from Avrathani Hbyfik revealed, was a depth of alluvium greater 
than would be expected so close to the edge of the fan, with over two metres of deposit. 
There was clearly a difference here on the western fan margins compared with a site 
such as Dolay to the east. Furthermore the relative elevations of core and section 
sequences suggested in excess of 1.5m of alluvial deposition since the foundation of the 
site. What was puzzling here was that the site appeared to have been established during 
the deposition of a unit similar in some respects to the 'Upper Alluvium' which 
elsewhere did not appear to have commenced at least until the Late Chalcolithic: or Early 
Bronze Age. There was minimal evidence of a lower alluvial, or backswamp phase in 
the section, and a greater thickness of an upper unit than at virtually any other site 
studied. It may have been of course, that this part of the fan was subject to significantly 
different alluvial regimes than areas further south and east, and so clearly, further 
statistical analysis of the individual alluvial units is needed in order to understand the 
chronology here and its relations to the rest of the fan. 
5.3.11 Ku slu HiUyiik I 
This is a moderate-sized mound, covering a current surface area of three hectares, and 
is situated towards the eastern edge of the fan, just to the north of the sand ridge, 4krn 
ESE of Karkin and 4krn ENE of Kizil H6yUk IL Although the top of the mound lies in 
excess of 4m above the surrounding field level, it was thought in the field (Roberts, 
pers. comm. ) that the mound was partly a natural hummock with an archaeological site 
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located on top (surrounding field level = c-1001.7 m. a. m. s. l. ). This idea was 
supported when initial coring on the northern slope of the mound failed to locate any 
cultural deposits, such material only being recovered in a secondary core 27m away 
upslope and 1.52m higher in elevation, although subsequent laboratory analysis of the 
first core did locate abraded cultural deposits within colluvium. An irrigation ditch had 
exposed a section through a number of deposits, and was cleaned, recorded and 
sampled at a location c. 195m NNW of the upper core. 
French (1970) assigns a date in the first millennium BOAD for this site. More recent 
survey work (Baird, pers. comm. ) has more specifically shown that the major phase of 
occupation at the mound was in the Iron Age with some continuity into the Hellenistic 
period. 
The upper metre (1002.62 - 1001.62 m. a. m. s. l. ) of the first core (Figure 5.29) 
consisted of a dark greyish brown, very friable silty clay loam, contained no cultural 
materials and appeared to be colluvium from further upslope. The next 50cm was 
similar material, though this time containing traces of cultural deposits. There was then 
a short transition to substantial lake marl deposits. The upper core was taken to a depth 
of 1.6m (1004.14 - 1002.54 m. a. m. s. l. ) and consisted of similar material to that in the 
top of the lower core, but with far more abundant cultural deposits (Figure 5.29). It 
was not clear whether these were in situ or still part of a colluvial deposit. The sequence 
showing colluvial deposits directly overlying lake marl at an elevation of about 1001m 
further suggested the likelihood of a natural hummock here. There was no alluvial 
deposit apparent in the core. 
The section once cleaned up revealed a 2m+ sequence of quite clear and stratigraphically 
variable deposits (Figures 5.29 and 5.30, Plate 5.2). Beneath 5cm (1001.71 - 1001.66 
m. a. m. s. l. ) of topsoil lay 36cm of dark greyish brown firm clay, originally described in 
the field as a dark marl but subsequently interpreted as having had an alluvial origin. 
Below this lay a further 1 lcm of dark greyish brown firm clay loam, again probably of 
alluvial origin. There was then a 13cm transition to a thin layer of marl. Below this lay 
26cm of sandy silt loam which was underlain by a more substantial layer (42cm thick) 
of marl, though this was slightly sandy at the top and with a fine gravel lens 5cm from 
the base. The marl overlay further dark greyish brown clay loam, in excess of 30cm 
thick though with a thin layer of fine gravel between 1.51m and 1.52m (1000.20 - 
1000.19 m. a. m. s. l. ). Below the clay loam was 19cm of a much coarser and more 
friable sandy loam and a basal deposit of sandy clay loam, with a 5cm layer of marl 
sandwiched between the two. 
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PLATE 5.2: Section at Ku*lu H6yUk 1, Showing Bands of Marl and Alluvium 
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Figure 5.30: Particle-Size Distribution Curves for Sediments from Ku$lu H6yiik I 
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Figure5.31: Particle-SizeDistributionCurvesforSedimentsfromKu51uHöyükll 
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Clearly the sequences at Kuýlu H6ytik I were somewhat different from those observed 
further west, with no clear comparable alluvial deposits and a series of alternating bands 
of coarser and finer materials and lake marl. It was thought that this may have been due 
to the proximity of the sand ridge, with substantial reworking of materials from this 
feature having been partly responsible for these sequences. It may also have been that 
because the alluvial deposits were so thin this close to the edge of the fan, some of the 
lower section deposits, although not deeply buried, may actually have been remnants of 
Pleistocene deltaic activity. Clearly, because of these factors, these two sequences did 
not necessarily reflect the dominant alluvial processes active throughout the Holocene. 
5.3.12 Ku$lu Hdyiik II 
During fieldwalking in 1995 some 400m to the south-west of Ku§lu Hoyfik 1, the 
archaeological survey team from Liverpool University led by Dr Douglas Baird located 
a recently excavated irrigation trench which had cut through in situ archaeological 
deposits. Further investigation showed these deposits to be part of a previously 
unknown low mound, henceforth known as Ku5lu MyOk II. The trench had in fact cut 
a large north-south transect through the mound and provided an ideal opportunity not 
just to look at a mound geoarchaeological sequence and provide an off-site check, but to 
follow a full range of deposits from in situ archaeological materials, through site-edge 
colluvial deposits to off-site alluvium, in one continuous exposure. Analysis of the 
pottery from the site (Baird, pers. comm. ) pointed to an Early Chalcolithic origin with 
major activity in the Late Chalcolithic, although there was also evidence of some 
subsequent activity in the Early Bronze Age. Baird (pers. comm. ) estimates a site area 
of about 0.5 hectares 
In all a swathe >120m long had been cut through the mound and directly adjacent 
deposits. The section was cleaned, recorded and sampled at a number of locations, 
taking in purely alluvial sequences, transitional colluvial/alluvial sequences and through 
in situ mound deposits. A total of seven locations were recorded, and labelled from A to 
G 
_(although 
B and C were subsequently combined into one section), north - south 
along the eastern-facing section. The locations of these along the section are shown in 
Figure 5.32. 
Section A consisted of an upper deposit of alluvial clay, similar to the 'Upper 
Alluvium', but with some sherds, therefore suggesting a colluvial input, though the 
possibility that the sherds may have been deposited by manuring should also be 
considered (see e. g. Wilkinson, 1982,1989). This overlay lake marl (interface at 
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1001.87 m. a. m. s. l. ). Some 65m south of section A, two sections, B and C were 
cleaned and combined into one. This section consisted of 82cm of cultural and 
redeposited material overlying a number of interdigitated alluvial and colluvial deposits. 
Three bands of alluvial clay (top at 1002.75 m. a. m. s. l. ) were observed and again 
appeared similar to the 'Upper Alluvium', both in the field and following laboratory 
analysis. These alluvial layers were each underlain by increasingly thick colluvial 
deposits (suggesting interdigitation of the two deposit types), the lowest of which had 
partly slumped into the top of a prehistoric pit, which had been cut into lake marl. The 
lower fill of the pit consisted of carbonised material from which a 14C date was 
obtained. This gave a figure of 3430 ± 100BP (c. 3700 BP cal. ) (Beta 90022), and thus 
suggesting a Middle/Late Bronze Age date, somewhat later than that suggested by the 
pottery typology (above), and questioning whether contemporary mound deposits had 
actually sealed the feature. There were a total of 1.1 in of alluvial and colluvial deposits 
overlying the top of the lake marl (1001.66 m. a. m. s. l. ), in addition to the upper 
disturbed deposits. 
Section D, which was located 17m south of section B/C, again consisted of material 
similar to the 'Upper Alluvium', overlying lake marl (interface at 100 1.62 m. a. m. s. l. ). 
Sections A and D were clearly directly to the north and south of areas of cultural 
activity. A further 19m south of section D was section E, where a similar pattern was 
observable, though here the alluvial clay was mixed, possibly with a backswamp 
element (marl/alluvium interface at 1001.14 m. a. m. s. l. ). Section F, 7m south of section 
E consisted of the same mixed clay overlying lake marl, but here the marl was only 
30cm thick (top at 1000.98 m. a. m. s. l. ), and was underlain by a sandy deposit. This 
deposit was also observable in section G, 10m to the south of section F. This section 
had no marl but included 55cm of fine alluvial clay overlying the sand (interface at 
1000.32 m. a. m. s. l. ). Above this was a 22cm transitional layer, overlain by a slightly 
coarser alluvial clay, which appeared to be the same 'Upper Alluvium' type of deposit 
observed in the section further north. This was 1.02m thick and overlain by 1.3m of 
colluvium and disturbed deposits. The lower fine clay in this section was described in 
the field as backswamp clay and subsequent laboratory analysis also suggested 
affinities with this type of deposit. 
Sections B/C and G were recorded and sampled in more detail than the others as they 
contained the more complete sequences, though through contrasting deposits. The 
results of the particle-size analyses can be seen in Figure 5.31 and those for the other 
laboratory analyses in Figure 5.33. The magnetic susceptibility results in particular 
showed up the differences in the lower and upper alluvial deposits, and what was 
particularly noticeable from Section G was the low carbonate content throughout. It was 
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probably no coincidence that this occurred where there was no underlying marl deposit, 
there having been no re-mixing of this deposit with alluvium to raise carbonate levels. 
The particle-size distributions for the deposits described as upper and lower alluvium 
. were comparable 
with these materials from Qatalh6yok. 
The schematic interpretation of the section through the mound shown in Figure 5.32, 
illustrates how the prehistoric site was apparently founded on a sloping marl surface, 
and therefore possibly on a natural hummock as was the case at Ku5lu 116yuk 1, though 
at Ku$lu HbyOk II the marl appears to have completely disappeared at the southern end 
of the section. Another contrast between the two mounds was the depth of alluvium. At 
Ku5lu H8yfik I this was negligible because of the increased marl elevation, and indeed 
the backswamp clay was only visible at Ku*lu HbyUk II where the upper level of the 
marl was reduced and disappeared completely at the southern end of the section. The 
upper alluvial deposits were apparently more substantial at the latter mound, though this 
apparent discrepancy between the two maybe explained when it is considered that the 
cores at Ku5lu H6yfik I were taken through mixed colluvial deposits, at a position 
comparable with one upslope of section B/C at Ku*lu H6yflk II, where negligible 
alluviation would probably have been observed. It therefore seems likely that both 
mounds were located on natural 'hummocks' and subject to similar alluvial and 
colluvial processes, but the picture is far clearer for Ku5lu H6yUk Il because of the 
laterally and vertically extended sequence observable here. The depth of alluvium 
(c. 1.8m adjacent to Ku5lu H6yUk II) was also of note, this close to the eastern margins 
of the fan. Detailed analysis of lower deposits at Kuslu H6yUk 11 may also have shown 
some comparability between the sands and marls below this mound and those adjacent 
to Ku5lu HbyUk I. Initial comparison of these sequences tended to suggest that the 
materials below the top 52cm (down to 1001.19 m. a. m. s. l. ) in the section adjacent to 
Ku5lu H6yfik I were Pleistocene in date. There appears to have been little evidence of 
material from the sand ridge being present in any of the Holocene deposits. 
5.4 Discussion 
Having described the sequences and summarized the results of laboratory analysis of all 
the'sites studied, a number of points can be drawn out concerning the general nature of 
geoarchaeological sequences across the fan, before a more detailed analysis of the 
individual deposits is made in the following chapter. This can be done with a 
knowledge of the date of each site (Table 5.1) and information regarding overall fan- 
wide data on top-of-marl elevation (Figure 5.34a) and total alluvial thickness (Figure 
5.34b), as well as the individual sediment sequences. The marl elevation and alluvial 
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thickness contours illustrated in Figures 5.34 are derived from the GPS data recorded at 
each site (see above, Chapter Three). Top of marl elevations were recorded directly 
using the GPS at exposed sections, and calculated from GPS readings at the tops of 
cores. Alluvial thicknesses were measured by hand with the GPS being used as a check 
on manual readings at some sections. 
The top of the marl was by no means uniformly level across the area studied, there 
being a steady reduction in top elevation across the fan from south-west to north-east, 
with a few exceptions to this general pattern at OrUmdfl, Torundede and Ku$lu, the 
reason for the latter having been suggested above. With the exceptions of the sites at 
Dedeli and Ku*lu, none of the mounds exhibited evidence of a foundation on a marl 
surface. The three sites apparently founded on marl all seem to have been on hummocks 
raised above the surrounding contemporary surface, and in the cases of Dedeli and 
Ku*lu II, this foundation appears to have been quite early (Neolithic/Chalcolithic). The 
extent of the undulations in the marl surface can be seen in Figure 5.35, which shows 
the relative elevations of marl surfaces recorded from cores and nearby sections. It had 
originally been thought at (; atalh6yUk that such variations in the top elevation of the 
marl may have been due to some type of compression-loading effect (Roberts, pers. 
comm. ), whereby the weight of large volumes of cultural structural material cause the 
compression of underlying deposits, thus resulting in the lowering of the top levels of 
such deposits. However, this information showing similar variations at other sites with 
no clear spatial relations or correlations between site-size and extent of variation, 
suggests that this hypothesis is an incorrect one. This variation in marl top elevation is 
an important factor which must be considered when building up a fan-wide Holocene 
depositional chronology (Chapters Six to Eight). 
Above the marl in most recorded sequences was a deposit of alluvium, which showed 
quite a substantial variation in thickness across the fan, and in many cases could be 
divided into upper and lower units as was demonstrated at I; atalh6ytik. Again if all the 
sequences were taken together a broad south-west - north-east pattern could be 
observed with a general reduction in alluvial thickness away from the fan apex. 
However this pattern was far from uniform, with areas such as that towards the western 
edge of the fan, north-west of qatalh6y0k, and south of the eastern sector of the sand 
ridge exhibiting closely grouped contours and therefore rapid changes in alluvial 
thickness over short distances. There were also sequences such as those at Crumda, 
apparently within a large area of uniform alluvial thickness, where there was a far more 
complicated sequence than the normal marl-alluvial progression, which obviously did 
not fit the overall pattern. The discontinuous nature of the 'Upper Alluvium' was also 
of note. This deposit was clearly defined at qatalh8yok and comparable deposits have 
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been recorded at other locations both north and south of the sand ridge. However at 
some sites it is absent, and although initially this may appear as a function of distance 
from fan apex, evidence ftom sites such as Kuýlu H6y0k II shows that an upper 
alluvial unit did extend to the eastern periphery of the fan. What is not certain, is 
whether the'Upper Alluvium'in all locations where it is described is the same deposit. 
It has already been illustrated with evidence from Avrathani H6yUk, for example, that 
differing upper alluvial units may have been deposited at different locations across the 
fan. only a more detailed multivariate analysis of the individual deposits will ascertain 
the relationships between these upper alluvial units. 
Clearly the sites studied are only a small sample of the total number of mounds across 
the fan. Nevertheless a sufficient number of temporally and spatially separated sites 
have been studied for the location of sites of different age within the overall sedimentary 
sequence to be established. There was a general pattern of older sites being located 
lower down in the stratigraphic: sequence and younger ones further up, as would be 
expected from the general principle of superposition. Clearly though, this was 
complicated by variations both in sediment thickness and in the nature of the different 
alluvial sediments across the fan. It is this latter point which needs to be addressed 
before an overall understanding of the geoarchaeological sequences can be made, and it 
is this which makes up the bulk of the following chapter. 
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CHAPTER SIX 
NUMERICAL ANALYSIS OF SEDIMENTOLOGICAL DATA 
6.1 Introduction 
in chapters four and five a range of sediments were described, from a number of 
sites across the I; ar5amba fan. This descriptive narrative, including some 
preliminary analysis and interpretation, used a range of sedimentary parameters 
derived from samples to initially categorise broad deposit types. Marl could be 
distinguished from alluvium, for example, because of its white colour and elevated 
carbonate content, and at some sites an upper and lower alluvial unit could be 
broadly defined in terms of differential organic, textural and magnetic 
characteristics. It was not always possible to define deposits clearly, or even 
correlate those between closely situated sequences however. Furthermore, the 
particle-size data have so far only been used to provide a basic textural description 
and distribution. It is thus necessary to look at the data using more objective 
numerical methods, combining the different sediment characteristics and considering 
broader granulometric data, in order to take the analysis one stage further. 
6.2 Statistical Analysis 
Variables based on loss on ignition, magnetic, particle size and colour (numeric) 
data were used for multivariate statistical analysis. 
The colour of each sediment had been recorded during the descriptive process using 
the Munsell colour system. However this is a three dimensional system involving 
colour hue (redness/yellowness rating), chroma (colour strength) and value 
(darkness rating) and therefore values required conversion to simple numeric values 
for analysis. This has been done in previous studies (e. g. Torrent et at., 1980; 
James and Chester, 1995) but these have tended to involve oxidised soils and 
conversions have concentrated on 'redness ratings' i. e. just one dimension. 
ýaqamba sediments however are by no means all oxidised and therefore this type 
of conversion was not suitable. It was clear that all sediments were of a hue of 
7.5YR (reddest), 10YR, 2.5Y or 5Y (yellowest), and so a table was devised to 
convert all of the colour descriptions within these to numeric values (Figure 6.1). 
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7.5YR 
02146 
810.391 0.48 
10.541 
0.68 
0.78 0.58 
51 0.88 
4 
0.98 
3 1.08 
21 
2.5Y 
11 214 61 
8 0.41 0.51 0.56 
0.82 
0.72 0.62 
0.92 
1.02 
21 
1.12 
10YR 
5y 
11 
8 0.42 
5] 
0.84 
4 
3 1.14 
2.51 
314618 
0.52 
1 
0.57 
0.74 1 0.64 
0.94 
1.04 
Figure 6.1: Tables for the Conversion of Three-Dimensional Munsell Colours to Numeric 
Values for Multivariate Analysis 
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This took into account that the majority of (alluvial) sediments could be described 
similarly as hue IOYR - 2.5Y and value 3-4 (vertical axis on Munsell charts), but 
also recognised that some sediments lay beyond this colour range. In establishing 
the colour rating it was necessary to be as objective as possible in converting three- 
dimensional data into one dimension, though here the conversions are based 
primarily on the hue and value ratings, i. e. two dimensions. Thus the Munsell 
colours IOYR 3/2 - 4/6 were taken as the starting point, with all of these being 
given a value of one, as the majority of sediments fell into this colour range. The 
further any sediment colour from this value within the 10YR hue, then the greater 
its distance from one, either negatively or positively, with colours paler than this 
(higher Munsell value) having values less than one and colours darker than this 
(lower Munsell value) having a value greater than one. Colour values are also 
inversely proportional to chroma values (horizontal axis on Munsell charts), i. e. the 
higher the value, the lighter the colour and the higher the chroma, the stronger the 
colour (though again it should be stressed that this conversion system is based 
primarily on hue and value). Within the hue adjacent colour groups vary by ± 0.1. 
Each colour hue is divided similarly into value groups so that any group in one hue 
will correspond to the same group in an adjacent hue. This is so that regular value 
differences can be assigned. Between hues the change in value is ± 0.02 for 
corresponding groups, this value being negative for redder hues and positive for 
yellower hues. Thus a Munsell colour of 1 OYR 5/2 will have a value of 0.9 because 
it is paler and adjacent to the group with a value of one, and a Munsell colour of 
7.5YR 5/2 will have a value of 0.88 because it is adjacent to that with a value of 
one, and also one hue redder than the group with a value of 0.9, but in the same 
jalue group. Because of the nature of the system, some very pale colours are 
assigned slightly different numbers from the overall sequence (± 0.05 within hue, ± 
0.01 between hue) but this should make no difference to the overall numbering 
system for statistical purposes. This numerical system clearly differentiates between 
marl, dark organic clays and different alluvial units. 
Clearly, for any statistical analysis to work, values are needed for all variables. 
Because not all samples were subjected to particle-size analysis the number of 
samples analysed statistically was restricted to those for which particle data were 
available. It is not believed that this reduction in the size of the sample population 
was likely to alter any overall results. 
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Initial statistical analysis concentrated on sediments from the (; atalh8yilk cores and 
sections to provide a limited number of data for a pilot study. Data from a total of 
twelve variables were input to a StatView SE+GraphiCSTM file. Of these twelve 
variables, eight were concerned with particle-size characteristics, and of these eight, 
the first four were derived direct from the sedigraph output whilst the other four 
were summary statistics calculated from overall distributions in phi units. One of the 
objectives of initial analysis was to reduce the number of particle-size variables to be 
used in further analysis along with the other variables (organic matter content, 
CaC03 equivalent, magnetic susceptibility and colour), in order to exclude any 
particle-size bias in the results. The variables used and their numerical ranges are 
shown in Table 6.1. 
Variable Units Range 
Organic Matter Contentl Percentage 0-100 
CaC03 Equivalent Content' Percentage 0-100 
Mass-Specific Magnetic Susceptibility gM3 kg-I -0.01-+10 
Colour Non-Dimensional 0.39- 1.14 
Sand Content2 Percentage 0-100 
Silt Content2 Percentage 0-100 
Clay Content2 Percentage 0-100 
Median Grain Size3 Microns 0.1-1000 
Mean Grain Size3 Phi -0.3-+12 
particle Distribution Standard Deviation Phi 1-5 
Particle Distribution Skewness Phi -1 - +1 
particle Distribution Kurtosis Phi 0.6-6+ 
Table 6.1: Variables used in statistical analysis, their units and ranges 
(1 3: Variables dependent or partly dependent on one another) 
62.1 Principal Components Analysis 
Principal components analysis (PCA), in common with other factoring techniques seeks to 
reduce a large data set to a smaller number of components (Shaw and Wheeler, 1994, pp 
284 - 285). It takes as 
its basis a correlation or variance-covariance matrix between n 
vz ariables, constructed from a data set of n variables and N observations (Davis, 1986). 
From these it defines a new set of variables (components) as close as possible to the 
original data set (Johnston, 1978, p 136). These new variables are merely "mathematical 
transformations and combinations of the original data set" (Shaw and Wheeler, 1994, p 
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278). Unlike factor analysis, PCA assumes that the behaviour of any one variable is totally 
influenced by factors affecting the other variables, this is the common variance. In PCA, 
the components produced, account for the variance within the data set, with the first 
component accounting for the greatest variance. This amount declines for each subsequent 
component produced, until a maximum number of components (= number of variables) 
has been produced, which accounts for all of the variance. It is normal to only produce a 
small number of components, for example those accounting for 75% of the variance, as 
any subsequent components account for only an insignificant fraction of the total variance. 
Clearly the greater the variance accounted for by the fewest components the more suitable 
the dataset is for this and subsequent analyses. Each component produced will be 
dominated by one or more of the original variables. The greater the influence a variable has 
on one component, the less likely it is to be on the others. Some components identify 
relations between a number of variables, whereas others show the variance of a single 
variable, unrelated to the others (Johnston, 1978, p 161). Projecting the original data using 
the principal components produced allows for further analysis of the data (Davis, 1986). 
The first statistical exercise employed was PCA using all twelve variables. StatView's 
default methods for extraction and orthotran/varimax transformation were used (Abacus 
Concepts, 1996). Clearly the data used in this analysis cover different units of 
measurement and different scales of magnitude, however, the analysis firstly produces a 
correlation matrix from the raw data. Correlation coefficients are scale independent (Shaw 
and Wheeler, 1994, p 286) and so the variability in data units presents no problems in this 
type of analysis. In this case, strong correlations were shown between the particle factors, 
which was not entirely surprising as they are based on the same primary data and will to 
varying degrees be auto-correlated. From the correlation matrix, the analysis also makes a 
measure of sampling adequacy of the data set based on Kaiser's (1970) index. For each 
variable a number between 0 and 1 is calculated, with the higher the number, the more 
suitable the variable for PCA. Kaiser (1970) suggests this value should be greater than 0.5 
for data to be suitable for PCA. The mean sampling adequacy for the current variables was 
0.708, and therefore clearly suitable for the analysis (though silt content and grain-size 
standard deviation exhibited values of less than 0.5). Eigenvalues are then produced from 
the'data, which show the proportion of the variance accounted for by the components 
produced. In StatView the default number of components produced is two, or the number 
determined when 75% or more of the variance is accounted for, whichever is the higher. 
With these data, the first four components accounted for 82.7% of the variance (unrotated 
data, see below), and these four components were thus employed in the remainder of the 
analysis. The loadings of each variable on each of the factors (which show the correlation 
of each variable with each component) is shown in Table 6.2a. This clearly shows that the 
first factor (component) extracted was heavily influenced by particle size characteristics 
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(with organic content also being significant). CaC03 equivalent and colour were dominant 
on the second component, the third was dominated by secondary particle data (standard 
deviation, kurtosis) and the fourth by magnetic susceptibility. However, a number of 
variables, whilst weighing heavily on one factor, were also significantly influenced by 
other ones. It is normal therefore in PCA to rotate the data in order to maximise the loading 
on one factor and minimise it on the others, and therefore more clearly identify groups of 
variables. The default method used was the varimax rotation (see e. g. Gorsuch, 1983, for 
a full mathematical explanation). The data can be rotated either orthogonally (Table 6.2b), 
whereby all of the factors are rotated about one axis as a single orthogonal set, or obliquely 
(Table 6.2c), whereby all of the factors are rotated independently of one another. Whilst 
the rotational solutions slightly reduce the heavy loadings of some variables such as sand 
and mean, they concentrate loadings on single factors for variables which were previously 
spread across more than one factor, thus more clearly aligning these variables with one 
factor, e. g. organic matter content was loaded across all four factors in the unrotated 
matrix, whereas rotation has clearly loaded this on the first factor. 
organic 
CaC03 
Mag Sus 
Sand 
Silt 
Clay 
Colour 
Median 
Mean 
Std Dev 
Skewness 
Kurtosis 
Factor 1 Factor 2 Factor 3 Factor 4 
. 65 . 343 -. 306 . 27 
. 387 -. 817 . 175 . 039 
-. 47 . 376 . 25 . 575 
-. 978 . 044 -. 026 -. 131 
. 664 -. 21 . 339 . 534 
. 884 . 102 _-. _229 -. 
231 
-. 087 . 804 -. 212 . 215 
-. 848 -. 02 -. 118 -. 033 
. 976 . 054 -. 086 -. 043 
. 053 . 588 . 611 -. 426 
-. 722 1-. 277 . 312 * 136 
-. 566 
1-. 235 -. 634 . 078 
Table 6.2a: Unrotated Factor Matrix for Principal Components Analysis; Calculated 
using twelve variables from all Qatalh6yUk deposits, with four principal components 
produced 
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Organic 
CaC03 
Mag Sus 
Sand 
Silt 
Clay 
Colour 
Median 
Mean 
Std Dev 
Skewness 
Kurtosis 
Factor 1 Factor 2 Factor 3 Factor 4 
-. 726 . 324 . 114 . 248 
-. 133 -. 833 . 138 . 345 
. 523 . 581 -. 008 . 381 
. 85 . 207 . 111 -. 445 
-. 369 -. 215 -. 058 . 836 
-. 932 -. 129 -. 115 -. 017 
-. 115 . 853 -. 042 -. 055 
. 723 . 176 . 23 -. 356 _ 
929 -. 156 -. 14 . 238 
. 011 . 239 -. 911 -. 127 
. 834 -. 111 . 05 . 053 
_. 
335 . 07 
1.722 1-. 382 
Table 6.2b: Orthogonally Rotated Factor Matrix for Principal Components Analysis-, 
Calculated using twelve variables from all Catalhbyiik deposits, with four principal 
components produced 
organic 
CaC03 
Mag Sus 
Sand 
Silt 
Clay 
Colour 
Median 
Mean 
Std Dev 
Skewness 
Kurtosis 
Factor 1 Factor 2 Factor 3 Factor 4 
-. 767 . 45 . 225 . 212 
. 113 -. 798 . 142 . 341 
. 695 . 618 4.361E-4 61 
. 693 . 086 . Oil -. 371 
. 032 -. 073 
. 
. 029 . 941 
-1.022 -. 065 -. 039 -. 205 
-. 273 . 891 
_ 
006 -. 02 
. 576 . 087 . 153 -. 279 
-. 885 -. 059 -. 048 . 105 
. 083 . 154 -. 955 -. 199 
_. 
976 -. 177 -. 03 . 208 
. 05 . 048 .. 
699 -. 353 
Table 6.2c: Obliquely Rotated Factor Matrix for Principal Components Analysis; 
Calculated using twelve variables from all I; atalhbyiik deposits, with four principal 
components produced (* 4.361 x 10-4) 
On the basis of this initial PCA a second analysis was carried out using only six 
variables. As the initial analysis had been clearly biased towards particle-size data, it was 
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decided to retain only median and sand percentage among the particle-size variables (silt 
and clay were clearly dependent on sand content, mean (phi) was related to median, 
standard deviation exhibited a low sampling adequacy, and skewness and kurtosis whilst 
being important in particle-size analysis had too insignificant an effect on the overall data 
structure for multivariate analysis). Using the same extraction and transformation 
methods the second analysis extracted three principal components, which accounted for 
84.8% of the variance (unrotated data). The unrotated factor matrix (Table 6.3a) shows 
that the first factor was again dominated by the particle-size variables, with the other 
variables being spread across two or three factors. This was clarified by rotation (Tables 
6.3b and 6.3c), which showed organic matter to also be heavily loaded on the first factor, 
carbonate and colour to be heavily loaded on the second factor, and magnetic 
susceptibility on the third. Thus the three principal components produced could be 
described as a particle-size and organic component, a carbonate and colour component, 
and a magnetic component, and between them could be used to adequately describe the 
original large data set. 
From the principal components produced, a factor score could be calculated for each 
component for every sample. By plotting the factor scores for the first two components 
of each sample against one another on a simple scattergram, initial patterns in the data set 
begin to emerge (Figure 6.2). The different sediment types clearly plot out in distinct 
groups, with the coarse-grained fluvial deposits plotting out mostly to the right of the 
graph, therefore exhibiting a strong positive weighting of the first principal component, 
which is not surprising given that this is dominated by particle-size factors. Most of the 
marl shows a strong negative correlation with the second principal component, which can 
be interpreted as a function of the pale colour of this sediment type and its high calcium 
carbonate content. The organic clay exhibits a positive weighting on the second 
component, this being a function of the dark colour of this deposit, and a negative 
weighting on the first component, this being a function of high organic matter content. 
Fine grained alluvial deposits are mostly grouped close to the origin, with a tendency to 
exhibit a negative weighting on the first component (higher organic content, fine particle- 
size), though there is clearly a differentiation between those weighing positively on the 
second function, and those weighing negatively, and this could be one way of 
differentiating upper and lower alluvial units. Plotting of the first and second functions 
against the third function does not produce such clear distinctions. 
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Organic 
CaC03 
Mag Sus 
Sand 
Colour 
Median 
Factor 1 Factor 2 Factor 3 
-. 53 . 656 . 176 
-. 619 -. 641 . 197 
. 616 . 25 . 733 
. 907 -. 275 -. 12 
. 348 1.812 -. 268 
. 828 
1-. 286- - 1-. 0 
Table 6.3a: Unrotated Factor Matrix for Principal Components Analysis; Calculated 
using six variables from all Qatalh6yUk deposits, with three principal components 
produced 
Factor 1 Factor 2 Factor 3 
Organic 
CaC03 
Mag Sus 
Sand 
Colour 
Median 
-. 809 . 278 . 098 
-. 247 -. 856 -. 199 
. 218 . 181 . 948 
. 922 . 17 . 179 
-. 048 1 . 
919 
1 , 
069 
. 844 
1 
. 101 
---- 1.217 
Table 6.3b: Orthogonally Rotated Factor Matrix for Principal Components Analysis; 
Calculated using six variables from all Qatalh6yUk deposits, with three principal 
components produced 
Factor 1 Factor 2 Factor 3 
Organic 
CaC03 
Mag Sus 
Sand 
Colour 
Median 
-. 986 . 357 . 208 
4.366E-4* -. 888 -. 056 
-. 121 -. 003 1.044 
. 91 . 076 . 026 
-. 295 1.009 -. 056 
. 828 
1-. 00-2-ý . 95 
Table 6.3c: Obliquely Rotated Factor Matrix for Principal Components Analysis; 
Calculated using six variables from all I; atalh8yiik deposits, with three principal 
components produced (* 4.366 x 10-4) 
The results from the principal components analysis showed that it was possible to 
reduce the data to a small number of significant factors and plotting of factor-adjusted 
data indicated the possibility of differentiation (and correlation) of different sediment 
types (Figure 6.2). Having shown that the data were suitable for analyses involving 
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data reduction a technique was sought which would not only reduce the data but also 
allow the grouping of similar samples and suggest group membership for samples of an 
unclear nature (the differing alluvial units, for example). Statistical analysis was 
therefore taken one step further where it was hoped that plots of adjusted figures (data 
weighted by the principal components produced) might allow not only the identification 
of clear groups of similar sediments, but also the prediction of group membership of 
unassigned sediment units. This would clearly have important consequences when 
considering much wider sediment spatial correlations and differentiations beyond the 
pilot study area. The technique thought most capable of achieving this was discriminant 
analysis, which has been used successfully in sedimentary analyses in the past (e. g. 
Klovan and Billings, 1967; James and Chester, 1995). 
6.2.2 Discriminant Analysis 
Discriminant analysis is a classificatory statistical technique which may be put to three 
main uses. These are testing and generating hypotheses, the evaluation of prior 
classifications, and the estimation of group membership for new observations 
(Johnston, 1978, pp 237 - 239). In the current work it is intended to use the technique 
in all of these applications. Groups of apparently similar sediments will be tested in 
order to show whether such similarities are real, the extent to which these prior 
groupings are confirmed or rejected by the analyses will be evaluated, and group 
membership will be suggested for sediment types not apparently already conforming to 
a particular group membership. In discriminant analysis sets of observations are 
assigned to groups, e. g. different sediment types, on the basis of pre-conceived ideas 
about the nature of similarity/differentiation between different observations. Each 
observation (sediment type) will have been measured for a number (n) of characteristics 
(variables), such that the initial data set for the analysis will consist of N observations 
measured using n variables and divided into g groups. It may not be obvious from raw 
data whether groups of observations can be differentiated. What discrimination analysis 
does is to produce a number of functions utilizing the different variables such that 
differences between groups are maximised, with different variables having a greater 
effect on the different functions produced. 
Discriminant analysis as used in this research will clearly involve data from a number of 
variable and pre-defined sediment groupings, with discriminant functions calculated 
through complex multivariate analysis (see Davis, 1986, pp 478 - 491 for example). 
However, the basic technique has been explained more simply by Klovan and Billings 
(1967). Similarly, a basic example will be used here, using Catalh6yuk data in order to 
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explain the technique in its simplest form. In this example data from deposits of 'Upper 
Alluvium' and 'Lower Alluvium' (backswamp clay) will be used. From the dataset two 
variables (percentage organic matter and percentage sand content) will be employed to 
demonstrate the technique. 
The first step in the example is to plot all of the data from these two variables for the 
two groups graphically (Figure 6.3). This plot shows each point for the two groups 
plotted with percentage organic content on the x axis versus percentage sand content on 
the y axis, with 'Upper Alluvium' shown as squares and 'Lower Alluvium' shown as 
crosses. Three other points are also shown on this graph. The bold square and the bold 
cross are what are known as the group centroids, these are the mean x-y values of all of 
the points in each group. The large dot represents the mean x-Y values of all 
observations (overall centroid). Observation of all of the points on the graph shows that 
the 'Upper Alluvium' tends to be concentrated towards the upper left of the graph and 
the 'Lower Alluvium' to the lower right, though with a clear overlap between the two. 
Clearly the points towards the extremes of the plot can be differentiated by one variable 
alone, but those in the area of the overlap (both x and y) cannot. If a line were to be 
passed vertically through the overall centroid then the majority of points to the left of 
this line would be 'Upper Alluvium', and the majority of those to the left, 'Lower 
Alluvium'. However, seven points (two 'Upper Alluvium', five 'Lower Alluvium') fall 
on the opposite side of the line from the bulk of points in their respective groups. Thus, 
if organic content alone were to be used as a discriminating variable, then seven out of 
39 observations would fall into the 'wrong' group. It could therefore be said that 
17.95% of the observations had been misclassified, which is clearly unsatisfactory if 
the object of the analysis is to define a function which provides the maximum 
differentiation between sediment groups. Similarly, if percentage sand content were 
used as a single discriminating variable, it would be seen that II of the 39 observations 
would fall into the 'wrong' group, or that 28.21% of samples would be misclassified. 
Clearly, none of these variables alone, is suitable for discriminating sediment types. 
However, it is possible to pass a line (x on Figure 6.3) through the overall centroid 
such that the vast majority of 'Upper Alluvium' falls to the upper left and 'Lower 
Alluvium' to the lower right. In this case, only four out of 39 observations are 
misclassified, in other words, 89.74% of cases have been correctly classified. A line 
drawn perpendicular to line x (d on Figure 6.3) is the discriminant function, and is the 
line along which the two groups of sediments can be most clearly differentiated using 
the above variables. This differentiation can be seen most clearly if the graph is rotated 
such that line d is plotted horizontally, with all the observations relative to this (Figure 
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C14 N -4 
Overall Centroid 
I 
d 
Discriminant Function 
a 'Upper Alluvium' D 'Upper Alluvium'Mean 
'Lower Alluvium' X 'Lower Alluvium'Mean 
Figure 6.4: Bivariate Plot and Discriminant Function Produced in Figure 6.3, 
Rotated so that the Discriminant Function is Plotted Horizontally with All Points 
Perpendicular To It, Showing the Maximum Discrimination between the Two 
Alluvial Groups About the Mean 
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6.4). This shows how the majority of 'Upper Alluvium' observations fall to the left of 
the overall centroid and therefore closer to the 'Upper Alluvium' group centroid, and 
the majority of 'Lower Alluvium' observations fall to the right of the overall centroid 
and therefore closer to the 'Lower Alluvium' group centroid. Only two samples of 
'Upper Alluvium' and two of 'Lower Alluvium' fall the 'wrong' side of the overall 
centroid. The formulae by which the discriminant function is accurately calculated may 
be found in Davis (1986), for example. 
Clearly with such a high percentage of correct classifications, samples of ungrouped 
sediments could be added to the dataset and the discriminant function used to assign 
them to one of the two groups with a high level of confidence. 
This is of course a much simplified example of how a discriminant function may be 
calculated and applied, but the basic methodology is retained when dealing with larger 
numbers of groups and variables, though where n variables and g groups are 
employed, discriminant functions are derived in n-dimensional space, which is 
impossible to visualise graphically (algebraic formulae run on computer software being 
the normal method of calculation). As with the initial example, the maximum number of 
discriminant functions (d) that may be derived is g-I or x (where g= number of 
groups and x= number of variables), whichever is the smaller. In reality, it is usually 
not necessary to consider all discriminant functions when dealing with multivariate data 
as the first few functions derived will often account for the bulk of differentiation within 
datasets. This is as a consequence of different variables having a greater or lesser 
weighting on the function produced. In the initial example, organic content clearly 
weighed more heavily on the analysis than did sand content, and if other variables were 
used which weighed more heavily on discriminant functions produced than sand 
content, then the analysis may deem sand content an unnecessary variable in the 
generation of further functions and it may be removed from the analysis (see below). In 
multivariate analysis, successive discriminant functions account for decreasing levels of 
differentiation within the dataset. 
6.2.2.1 Discriminant Analysis on all I; atalh8yUk Sediments 
Having defined the most important variables from the data using PCA, data on eight 
variables (organic matter content, calcium carbonate equivalent content, magnetic 
susceptibility, colour, median grain size (9m), percentage sand, mean grain size (phi) 
and grain size standard deviation (phi)) was then submitted to discriminant analysis 
using SPSS for Windows. In PCA only two particle-size variables had been employed 
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in the latter analysis, however, it was decided to add two extra particle-size variables for 
the discriminant analysis. Firstly it was decided to add standard deviation as the particle 
size-variables in the PCA lacked a measure of particle sorting, secondly mean was 
added, and although like median is a measure of central tendency, it was thought would 
give a fairer indication of average particle size rather than a single central value. This is 
particularly important where distributions were skewed, thus the two variables could be 
used complimentarily rather than as alternatives. The inclusion of different numbers of 
variables from the previous analyses did not make any significant change to the overall 
results, however. Initially seven groups were defined (cultural/colluvial, 'Upper 
Alluvium', 'Lower Alluvium', 'Bottom Alluvium', organic clay, sand and marl), 
giving a possible maximum of six discriminant functions, and with nine cases input 
without group assignment (unknowns). 
Discriminant analysis can be divided into three types (Kinnear and Gray, 1995); direct, 
hierarchical and stepwise. In the first of these all data are entered simultaneously in the 
analysis, in the second, the data are entered in an order pre-determined by the operator, 
and in the third the data are entered according to statistical criteria established by the 
software running the analysis, which relates to the relative weighting of each variable in 
discrimination. This latter type of discriminant analysis was used with the sediment data 
here, as there was no reason to suppose a pre-determined hierarchical ranking of 
priority for the eight variables. Each variable is entered individually in order of 
importance into the equation until a group of variables is arrived at that produces 
discriminant functions which together contribute to maximising the assignment of cases 
to correct groups. As successive variables are entered, so others may become less 
important and may be removed from the analysis. It is normal therefore, for only a 
number of key variables to be included in the analysis. The SPSS software uses Wilks 
Lambda as the determining statistical method for the addition or removal of variables 
from the analysis (again using different variable units and orders of magnitude is not a 
problem). Thus, for example, if more than one variable has a similar contribution to a 
discriminant function, only one of these will be included in the analysis, as the addition 
of the second variable to the analysis would have a negligible effect on the generation of 
the function, even though both may weigh heavily on a particular function (see Kinnear 
and Gray, 1995, for example, for an explanation of the statistical procedure). 
In the first discriminant analysis six of the eight variables were entered into the analysis 
using the stepwise method. Median grain size (gm) and standard deviation (phi) were 
not included. The first as it would make a similar, though less significant contribution 
to the analysis as sand content, and the second as it was not significant in the generation 
of any discriminant functions. Six discriminant functions were therefore produced (d = 
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x, see p 180 above), which, as was the case with the PCA, could be seen to be 
dominated by one or more of the original variables. Table 6.4 illustrates the correlation 
between the original variables and the six discriminant functions produced. The first 
function is clearly dominated by percentage sand, and mean (phi) and median (gm) 
grain sizes, and can therefore be seen as being heavily influenced by particle-size 
characteristics. The second function is heavily influenced by the colour and carbonate 
variables, the third by magnetic susceptibility, the fourth by particle size standard 
deviation (phi), and the sixth by organic matter content (no variable exhibited its highest 
correlation with the fifth function). 
Function I Function 2 Function 3 Function 4 Function 5 Function 6 
Sand . 94788* . 19337 -. 18104 -. 09582 . 12910 . 07421 
MeanPhi -. 76157* -. 01169 . 53853 . 35150 -. 03125 . 07302 
Median . 4919 1* -. 00505 -. 
36396 -. 26847 . 19431 . 04625 
Colour -. 03056 . 84012* -. 27769 -. 05104 . 43495 -. 15614 
CaC03 -. 17748 -. 76028* . 08411 -. 31530 . 52256 . 10444 
Mag Sus . 14614 . 17338 -. 
69858* . 33015 . 12672 . 57923 
Std Dev -. 19628 , . 20259, . 07476 , . 24381*1 -. 21461 , . 0232 
Oqýý ýC -. 31500 
1 
. 33244 
1 
. 24042 
1 
-. 58254 
1 
-. 04516 
1 
. 62-515* 
* Denotes largest absolute correlation netween eacn variable anci any cliscriminant lunction. 'I his does 
not necessarily mean that this variable has the highest weighting on a particular function. 
Table 6.4: Pooled within-groups correlations between discriminating variables and 
canonical discriminant functions. Catalh6yUk, all sediments. 
Having calculated the discriminant functions and shown how each is influenced by the 
original variables, the analysis is now at a stage to assess the classification of samples 
within each of the seven pre-determined groups, suggest alternative groups for those 
misclassified and assign most likely group membership for the nine 'unknowns'. Table 
6.5 illustrates the classification results. Of the 25 cases grouped as cultural/colluvial, 
only 16 (64%) were classified correctly. This may sound a particularly low figure, but 
is not surprising given that a range of anthropogenically modified sediments with 
varying origins was included in this group, and is not important in terms of further 
determination of alluvial groupings. On the other hand, 'Upper Alluvium', sand and 
organic clay showed correct classifications in excess of 94% of samples, with all 
organic clay being classified correctly and only one sample each of 'Upper Alluvium' 
and sand being misclassified. The figures for'Lower Alluvium' and 'Bottom Alluvium' 
are slightly disappointing, with correct classifications of 78.9% and 50.0% 
respectively. This may be explained firstly by the organic nature of much of the 
backswarnp clay (three of the four misclassifications were re-classified as organic clay), 
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and secondly by the possibility that the 'Bottom Alluvium' is merely leached 'Lower 
Alluvium' (one mis-classified case was re-assigned to the 'Lower Alluvium, group and 
the other two as marl, which, like leached alluvium, has a pale colour and exhibits low 
magnetic susceptibility). Conversely, all of the misclassified marl was re-classified as 
'Bottom Alluvium'. Of the 'unknowns', seven of the nine were assigned to one of the 
three alluvial groups, one to the cultural group and one to the organic clay group. A 
more detailed explanation of individual misclassifications and assigned 'unknowns will 
be made following a second discriminant analysis of I; atalh6yiik alluvium (see below). 
Predicted Groun Membershin ---------------- 
Tct-ualGroup No. 1 2 3 4 5 6 7 
of 
Cases 
Group 1 25 16 4 3 2 0 0 0 
Cultural / Colluvial 64.0%1 16.0% 12.0% 8.0% 0.0% 1 0.0% 0.0% 
Group 2 19 0 18 1 0 0 0 0 
I er uVium 0.0% 94.7% 5.3% 0.0% 0.0% 0.0% 0.0% 
Group 3 19 1 0 15 0 3 0 0 
'Lower Alluvium' 5.3% 0.0% 78.9% 0.0% 1 15.8% 0.0% 0.0% 
Group 4 6 0 0 1 3 0 0 2 
'Bottom Alluvium' 0.0% 0.0% 16.7% 50.0% 0.0% 0.0% 33.3% 
Group 5 5 0 0 0 0 5 0 0 
Organic Clay 0.0% 0.0% 0.0% 0.0% 100% 0.0% 0.0% 
Rro -up 6 23 0 0 0 1 0 22 0 
Sand 0.0% 0.0% 0.0% 4.3% 0.0% 95.7% 0.0% 
Group 7 18 0 0 0 5 0 0 13 
Marl 0.0% 0.0% 0.0% 127.8% 0.0% 0.0% 72.2%1 
Ungrouped Cases 9 1 3 3 1 1 0 0 
1 111.1% 133.3% 33.3% 11.1% 111.1% 1 0.0% 0.0% 
Percentage of 'grouped'cases correctly classitied: bUulo 
Table 6.5: Discriminant analysis classification results for all sediments from 
(; atalh6yiik 
The results of the discriminant analysis can be seen by plotting the original data adjusted 
by the weighting of the first two, and most significant, discriminant functions, on an x- 
y graph, where the x axis represents data adjusted by the first function (particle-size 
dominated) and the y axis represents data adjusted by the second function (carbonate 
and colour dominated). Such a plot is shown in Figure 6.5a. In this graph, each sample 
has been reduced to two new variables derived from the discriminant functions, plotted 
one against the other, the resulting graph being similar to that plotted using the first two 
principal components (see Figure 6.2, above), though this time the fine alluvium has 
been divided into three units and the possible palaeosol ungrouped in the analysis. 
Figure 6.5a clearly shows how the sand, organic clay and marl form distinct groups, 
and how the analysis has started to differentiate the fine alluvial units. The third 
function is heavily dominated by magnetic susceptibility, and if a plot of data weighted 
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Figure 6.5b: Discriminant Analysis Adjusted Sediment Data from QatalhbyUk, Plotted 
as First Function (x axis) Against Third Function (y axis) 
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First Function 
Figure 6.5a: Discriminant Analysis Adjusted Sediment Data from Catalh6yuk, Plotted 
as First Function (x axis) Against Second Function (y axis) 
by the first against third function is made (Figure 6.5b) the two main fine alluvial 
groups are more clearly discriminated, however the distinctions between other groups 
become much less clear. The next step is to discard the clearly different sediment types 
(sand and marl) and cultural ly- derived deposits, and concentrate on defining the 
maximum differentiation between the different fine alluvial deposits. To achieve this, a 
second discriminant analysis was carried out using only the data from fine alluvial 
deposits in the I; atalhbyiik area. 
6.2.2.2 Discriminant Analysis on (; atalh6yiik Fine Alluvium 
This time only 58 samples were included in the analysis and of these, nine were 
'unknowns'. The remaining 49 were divided into four groups; 'Upper Alluvium', 
'Lower Alluvium', 'Bottom Alluvium' and organic clay (though the latter is not 
necessarily alluvially-derived). The same eight variables were used in the analysis. On 
this occasion only the magnetic susceptibility, carbonate and colour variables were input 
into the analysis using the stepwise method, the remaining five variables (including all 
of those relating to particle-size characteristics) making similar (though lesser) 
contributions to the analysis to those made by these three. Three discriminant functions 
were thus produced. The first function weighed heavily on the variables magnetic 
susceptibility, organic matter content, percentage sand and median grain size (4m), the 
second on colour and mean grain size (phi), and the third on carbonate content and 
grain size standard deviation (phi) (Table 6.6). 
Function 1 Function 2 Function 3 
Mag Sus . 84699* . 32744 -. 41879 
- Organic -. 27714* . 11439 -. 09549 
Sand . 20680* . 08394 -. 15646 
Median . 16131* -. 06821 . 14606 
Colour -. 14063 . 88632* . 44120 
meanPhi -. 17997 . 20974* -. 14477 
CaC03 
_ . 
20579 -. 42851 . 87979* 
Std Dev . 108671 . 15050 -. 38? 07*1 
* Denotes largest absolute correlation between each variable and any discriminant function. This docs 
not necessarily mean that this variable 
has the highest weighting on a particular function. 
Table 6.6: Pooled within-groups correlations between discriminating variables and 
canonical discriminant functions. Qatalh6yUk, fine alluvial sediments 
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This time, with cultural, coarse fluvial and marl deposits excluded, an impressive 
97.56%, or 48 out of the 49 grouped cases, were classified correctly (Table 6.7). The 
only case misclassified according to the analysis was a sample of 'Bottom Alluvium' 
from section 95PC2. The analysis suggested that this sample should be more accurately 
interpreted as 'Lower Alluvium, though a sample from the same deposit (below the 
'Lower Alluvium' in 95PC2) was correctly classified as 'Bottom Alluvium'. As was 
mentioned above, it may be that the 'Bottom Alluvium' is actually leached 'Lower 
Alluvium', rather than a distinct deposit, always occurring below the alluvium, and 
below all but the most recent levels of the water table. This slight discrepancy may 
therefore reflect a post- depositional alteration in sediments rather than a differential 
alluvial regime. 
----------- Predicted (ymnn Mt-rnh. -rch; n ---------- 
Actual Group No. of 2 3 4 5 
Cases 
Group 2 19 19 0 0 0 
'Upper Alluvium' 100% 0.0% 0.0% 0.0% 
-Group 3 19 0 19 0 0 
'Lower Alluvium' 0.0% 100% 0.0% 0.0% 
Group 4 6 0 1 5 0 
'Bottom Alluvium' 0.0% 16.7% 83.3% 0.0% 
Group 5 5 0 0 0 5 
Organic Clay 0.0% 1 0.0% 1 0.0% 1 100% 
Ungrouped cases 9 5 4 0 0 1 
55.6% 44.4% 
T 1 
0.0% 0.0% 
Percentage ot'groupea cases correcuy ciassitieci: 9/. 9(jv/o 
Table 6.7: Discriminant analysis classification results for fine alluvial sediments from 
C, atalhbyiik 
Of the nine ungrouped cases, five were predicted as belonging to the'Upper Alluvium' 
group and four to the 'Lower Alluvium'. The first two unknown samples grouped as 
'Lower Alluvium' were from cores 95E and 95F. The first of these came from a deposit 
situated between'Upper Alluvium' and 'Bottom Alluvium'in 95E and so might well be 
expected to be 'Lower Alluvium' (it was thus grouped in further analysis). The sample 
from 95F was from just below the base of the 'Lower Alluvium' in this core and was 
probably part of the same alluvial unit. The third and fourth 'unknowns' classified as 
'Lower Alluvium' were from a lower deposit in section 95PC2, below the 'Bottom 
Alluvium' in this sequence. However, a sand deposit above this unit has been OSL 
dated to the late Pleistocene (see above, Chapter Four) and so this fine-grained deposit 
cannot be compared with later, Holocene alluvial sediments. The first 'unknown' 
classified as 'Upper Alluvium'was from the same unit as these two samples and again 
comparison is inappropriate. 
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The remaining four 'unknowns' classified as 'Upper Alluvium' all come from section 
94PCI. The first of these was a sample of the possible palaeosol developed on the 
organic clay in this sequence. As such it would clearly have undergone a series of post- 
depositional soil-forming processes and need not be considered further here as an 
unconsolidated sediment. The remaining three cases were all fine-grained sediments 
from the fill of the palaeochannel. It has been shown above (Chapter Four) how this 
palaeochannel clearly cut the backswamp clay in this area, and how the inf illed channel 
was then sealed by 'Upper Alluvium'. However, although the channel post-dated 
deposition of the 'Lower Alluvium', it cannot be assumed that it became filled during 
the early stages of the upper alluvial regime as there appears to have been an hiatus 
between the two alluvial regimes. The classification of fine-grained alluvial deposits 
within the palaeochannel fill as 'Upper Alluvium' is therefore incorrect, though there 
are clear similarities between the deposits. 
once again the individual samples from this analysis have been plotted graphically as 
two variables derived from the first two discriminant functions (Figure 6.6). This 
illustrates dramatically how the analysis has differentiated the 'Upper Alluvium', 
'Lower Alluvium' and organic clay, and how, with one exception, the 'Bottom 
Alluvium' can be distinguished from the other groups. Such is the effect of the first 
function in this case that the 'Upper Alluvium' and 'Lower Alluvium' could be 
separated by this alone. The graph also demonstrates how most of the ungrouped cases 
fit comfortably into either the 'Upper Alluvium' or'Lower Alluvium' groups. Plots of 
cases weighted by the first and second functions against those weighted by the third, 
this'time did not expose such clear patterns as those shown in Figure 6.6. 
Discriminant analysis of fine-grained sediments from the (; atalh6yiik area has thus 
demonstrated how the main alluvial units can be clearly differentiated, further 
supporting the simple geochronological model outlined in chapter 
four. Having 
demonstrated the effectiveness of the technique with a small dataset covering quite a 
restricted spatial area, the major challenge was to apply the same analysis to the 
C, arsamba fan as a whole, using data from fine-grained alluvium from all of the sites 
sampled across the area. 
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6.2.2.3 Discriminant Analysis on all Fine Alluvial Sediments 
As was demonstrated in chapter five, there are quite complex variations in sedimentary 
chronology across the fan, compared with the moderately straightforward sequence at 
(; atalh6yflk. Can discriminant analysis therefore be used to define a fan-wide set of 
distinct alluvial groupings, against which a model of Holocene geoarchaeological 
chronology can be developed? 
The third exercise in discriminant analysis involved a total of 228 individual cases from 
33 alluvial sequences. These were assigned to nine different groups, with 15 cases 
being ungrouped. The first four groups were those employed in the previous analysis 
of 4; atalhbyiik fine-grained alluvium, as a number of sequences beyond the Qatalh6yUk 
area consisted of deposits which appeared to be very similar to these four units. 
However, a number of sequences, particularly from sites more distant from CataIh8yUk 
contained sediments which appeared to differ significantly from any of those initially 
identified, and so five new groups were created. These were: Avratham Alluvium, for 
material from the core and section sequences from this site towards the north of the fan; 
Boyali/Kuru Alluvium, for material from these two sites in the south-eastern sector of 
the fan; Musalar Top Alluvium, for the unique upper deposit at this site; Crumda 
Alluvium, for some of the material from the 'abnormal' sequences at this site; and 
Kizlar Alluvium, for some of the unclear sediments at this site. The same eight 
variables as the previous analysis were initially included. 
In this analysis, five of the eight variables were included in the stepwise analysis, 
median ([1m), percentage sand and standard deviation (phi) being excluded, the former 
two making similar (though lesser) contributions to that made by mean (phi), and the 
latter making a similar (though lesser) contribution to that made by CaC03 equivalent. 
Thus, only one grain size variable (mean (phi)) was included in the analysis with the 
other four variables. Five discriminant functions were therefore derived (Table 6.8); the 
first being donfinated by organic content, the second by magnetic susceptibility, the 
third by carbonate content and standard deviation (phi), the fourth by colour and the 
fifth by the remaining particle-size characteristics. Overall, 80.75% of cases were 
correctly classified according to the analysis (Table 6.9). 
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Function 1 Function 2 Function 3 Function 4 Function 5 
Organic . 71320* . 15898 . 32314 . 57936 -. 16124 
Mag Sus -. 40223 . 74736* -. 27924 . 39031 . 22216 
CaC03 -. 41433 -. 17565 . 85103* . 01995 . 26986 
Std Dev -. 21183 -. 05939 -. 33620* -. 24684 . 03576 
Colour . 50113 . 57801 . 20414 -. 59382* . 14313 
MeanPhi . 61239 -. 14164 . 03313 . 30073 . 7165 1* 
Median -. 351791 . 099181 . 01871 
1 
-. 26655 -. 49509* 
Sand -. 296001 -. 005951 -. 24577 
1 
-. 348311 -. 47532* -* Denotes largest absolute correlation between each variable and any discriminant function. This does 
not necessarily mean that this variable has the highest weighting on a particular function. 
Table 6.8: Pooled within-groups correlations between discriminating variables and 
canonical discriminant functions. (; ar*amba fan, fine alluvial sediments 
The majority of the samples at Agadami Hbyfik, Kizil H6yUk 11, Musalar Hbyuk, 
Dolay Hbyflk, Torundede H6yUk and Okqu H6yfik were deemed to have been 
classified correctly, consisting mainly of similar deposits to those at (; atalh6yiik. Most 
of those from Kizlar H6yilk were also correctly classified but had been mainly grouped 
as a distinct Kizlar Alluvium, there having been some level of contamination by cultural 
materials here. Some of the sediment at Avrathani H6y0k was also grouped as a distinct 
Avrathant Hby0k and most deposits at this site were also correctly classified. However 
there were similarities between the Avrathani Alluvium and the 'Lower Alluvium' as 
demonstrated by the re-classification of material here and also at Dedeli Hbyuk and 
Kizil HbyUk I. Because of the anomalous sequence at OrOmd1i H6y0k, a number of the 
samples here were grouped as 
CrUmdfi Alluvium though the majority of the samples 
here were correctly grouped. Although there was evidence of 'Lower Alluvium' and 
'Upper Alluvium' at Kuslu H6yiik 11, there were some problems in misclassification 
here, the analysis re-classifying some samples as Boyali/Kuru Alluvium. This is a 
problem which needs resolving as a number of samples at Boyali T6mek and Kuru 
116yok were also misclassified. It is now realised that sediments from these two sites 
which initially appeared similar were in fact not, and therefore grouping these together 
has created an anomalous sediment type for the analysis. 
Of the fifteen ungrouped cases, seven were classified as 'Upper Alluvium,, one as 
'Lower Alluvium', two as Avrathara Alluvium, three as BoyalL/Kuru Alluvium and two 
as Crfimdii Alluvium. Of the five samples from the Qatalhbytik area previously 
classified as 'Upper Alluvium', four are still classified as such, but the possible 
palaeosol is now classified as Avrathani Alluvium, though the again the suitability of 
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this sample must be questioned when comparing other, unconsolidated sediments. Two 
of the remaining three 'unknowns, from QatalhbyUk previously classified as 'Lower 
Alluvium' have also been re-classified by this analysis. The sample from just below the 
base of the 'Lower Alluvium' in core 95F has now been classified as 'Upper 
Alluviud, which is clearly a misclassification. The other sample re-classified was from 
a Pleistocene sediment from section 95PC2 and need not be considered further. A 
sample of alluvial material lying below lake marl in the Kizil Hbyfik I section was re- 
classified as Boyali/Kuru Alluvium, however its position in the sequence suggests a 
Pleistocene date and so is not further considered here. Two samples from the Kuru 
H6y0k section have been classified as Boyali/Kuru Alluvium, and although errors have 
been recognised in the classification of this sediment group, this does suggest some 
compatibility between core and section sequences. Two ungrouped samples from the 
Ku*lu Hbyfik I section have been classified as 'Upper Alluvium' and whilst not 
recognised as such in the field, were near the top of the sequence close to the surface 
and at a comparable level withUpper Alluvium'at the nearby Ku5lu Hbyak II. Finally 
two samples from the section at Musalar Hbyiik were classified as Orijmdd Alluvium. 
The first of these was a thin layer of carbonate running through the 'Upper Alluvium' 
which may have been contaminated by this latter deposit, and the second was a sample 
of fine-grained material from below the lake marl in the sequence and may therefore 
have been Pleistocene in date. For these reasons, neither of these samples needs to be 
considered further here. 
As with the previous two discriminant analyses, the samples from this analysis have 
been plotted graphically with the data reduced to two variables weighted by the first two 
discriminant functions (Figure 6.7). Again some clear patterns are shown in this plot. 
Despite a large number of varying samples of each, 'Upper Alluvium' and 'Lower 
Alluviunf plot as two distinct groups, with little overlap. The organic clay also plots as 
a distinct group, testifying to the 
isolated pockets of essentially similar materials across 
the fan. The Musalar Top Alluvium plots as a very distinct unit, showing no overlap 
with any other sediment type and confirming the exclusivity of this deposit amongst all 
those analysed. The Avratham Alluvium also plots as a distinct grouping, though with a 
little overlap with the 'Lower Alluvium', further supporting the suggestion of a 
similarity between these two units, demonstrated at Dedeli MyUk, Kizil HbyUk I and 
Avrathani Myok itself. Distinct groupings are not so clear for the remaining four 
sediment types. The Kizlar Alluvium shows no close grouping at all, though this may 
be explained by a cultural input to some of the deposits, as suggested above. The 
OrUmda Alluvium falls into two sub-groups. The first of these towards the bottom left 
of the graph consists of two samples 
from the base of the core which may actually be of 
a sandy marl rather than an alluvial deposit. The third, from a higher elevation, may 
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also have some marl contamination. Of the four samples in the other group, one appears 
more likely to be'Lower Alluvium'. This is the sample of CrUmdU Alluvium from the 
highest elevation and probably is 'Lower Alluvium'. The remaining three samples 
appear to most closely resemble the 'Bottom Alluvium' group. However, these lie 
below the fourth marl unit in the sequence and may be from a Pleistocene deposit, thus 
any comparison with the 'Bottom Alluvium' is likely to be misleading. Of the six 
samples of 'Bottom Alluvium', five form this group with some overlap with CrUmdd 
Alluvium (and Boyali/Kuru Alluvium, see below). The sixth sample is from near the 
base of qatalhbyfik core 95E and plots within the first Criimdd Alluvium 'marl 
subgroup'. The high carbonate content also suggests that this sample may be 
contaminated by a marl element. Finally, the Boyah/Kuru Alluvium on initial 
observation appears to plot as two groups, with a number of individual samples plotting 
as 'Upper Alluvium' or 'Lower Alluvium'. However, an error in grouping sediments 
from Boyalt T6mek and Kuru Hbyiik together is now realised (see above). The two 
plotted groups are therefore misleading. A more detailed analysis of the position of the 
individual samples on the plot shows there to be no pattern to the scatter of points, and 
confirms the need for a careful examination of all the data relating to the deposits from 
these two sites, where it appears that one or more sediment types are present, which are 
not extant elsewhere. Plots of cases weighted by the first and second discriminant 
functions against the third do not provide patterns as clear as those observable in Figure 
6.7. 
6.3 Discussion 
The previous two chapters have described in some detail a range of sediment types from 
a number of sites distributed across the Car*amba fan. The analysis in this chapter has 
shown that it is possible to use statistical numerical data from these deposits to further 
define and classify these sediment types thus permitting the recognition of similar 
deposits across a wide area and subsequently suggesting correlations between 
sediments over a broad spatial range. 
Discriminant analysis initially used to demonstrate that two major alluvial sediment 
types in the Catalhbyiik area could bedistinguished statistically as well as physically, 
when applied to a wider spatial range of sites, has shown the same two deposits to be 
extant across a large part of the fan. Deposits which appeared to be similar to these at a 
number of sites being confirmed as such by the statistical analysis. Of these two major 
alluvial units the 'Lower Alluvium' has been shown to be particularly ubiquitous, 
indeed the discriminant analysis has also shown that deposits grouped as distinct units 
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such as the Avratham Alluvium are in fact very similar to the'Lower Alluvium'and as 
such may constitute essentially the same sediment type. As suggested by the evidence 
discussed in chapter five, the 'Upper Alluvium' has also been shown by the 
discriminant analysis not to have been so widespread. There has been little suggestion 
in the analysis of other sediment types being reclassified as 'Upper Alluvium' where it 
is apparently absent from the sedimentary sequence. 
A number of other distinct deposits are also present, including material similar to the 
organic clay at I; atalh6yiik, confirming a number of isolated pockets of essentially the 
same sediment type across the fan. An unique upper fine alluvial deposit has also been 
identified at Musalar HbyUk, which whilst closely resembling the 'Lower Alluvium' 
has been shown by the discriminant analysis to be a clearly distinct deposit and one 
which could easily be distinguished in this way from the 'Lower Alluvium' should the 
two be encountered together at sites in the future. A distinct 'Bottom Alluvium' may 
also exist, though it may be that this has become recognised as a separate unit because 
of the effects of post-depositional processes. There are clearly deposits south of the 
sand ridge at Boyali Tbmek and Kuru MyUk which differ from those in sequences 
further north and west, which cannot be clearly defined by discriminant analysis alone. 
A final step in the analysis of the sediments is thus to bring all of the information from 
all sites together, including sediment data, site elevations, dating, statistical analysis, 
and geornorphological and spatial setting, in order to correlate sequences and build up a 
definitive model of the geoarchaeological chronology across the Car*amba fan. This is 
dealt with in the following chapter. 
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CHAPTERSEVEN 
CHRONOLOGY, CORRELATION AND INTERPRETATION OF 
GEOARCHAEOLOGICAL SEQUENCES 
7.1 Introduction 
The previous three chapters have developed detailed sedimentary stratigraphies from 
a number of locations across the I; ar*amba fan and have suggested broad correlations 
between the major sedimentary units across the fan. Where there has been a lack of 
clarity in the sequences, statistical analysis in the previous chapter has permitted an 
objective separation of different lithostratigraphic units, including minor local 
variants, as well as the major units. In order to develop an overall model of Holocene 
geoarchaeological. chronology for the area it is necessary to draw together all of the 
evidence previously discussed, so that a three-dimensional sequence for the fan as a 
whole can be created. This chapter will develop such a model, and will examine the 
important spatial variations, archaeological site anomalies and dating evidence 
associated with each sedimentary unit. The most detailed lithostratigraphic 
investigation has been at Catalh6yijk, and here a radiometric chronology has been 
well-established, at least for the early Holocene. At other sites, a paucity of 
radiometric dates has dictated that the alluvial chronology is dated primarily on 
archaeological data. The reader is referred to Figure 5.1 for the locations of the sites 
discussed herein. 
7.2 A Chronology of Sedimentary Units Across the Car*amba Fan 
7.2.1 Lake Marl 
The basal unit in most of the sequences described has been the lake marl deposited by 
palaeolake Konya, which has been discussed above and previously (de Ridder, 1965: 
de Meester, 1970; Inoue and Saito, 1997). As discussed in chapter four, the elevation 
of the top of this deposit type varies considerably across the fan, and presumably 
across the Konya Plain as a whole, due to post-depositional activities, particularly 
aeolian deflation. However, essentially the same late Pleistocene lacustrine deposit is 
represented at all sites studied. Its sedimentary characteristics do vary across the area 
196 
and within sequences. High sand content in upper deposits at Torundede Hbyfik and 
throughout much of the sequence at Ku*lu H8yijk 11, for example, is evidence of 
possible deltaic, or even aeolian activity. The thickness of the marl also varies quite 
considerably, sometimes over very short distances. In most of the recorded sequences 
the base of the marl was not penetrated, although in section at Agadami HbyUk and at 
Ku$lu H6yUk I it was shown to be quite a shallow deposit compared with other 
locations, overlying evidence of Pleistocene fluvial/deltaic activity. However the 
actual nature of marl deposition and its morphology are not directly relevant to the 
development of a model of Holocene sedimentary chronology, and are not discussed 
further, although its position in the overall sequence needs to be understood when 
discussing apparent stratigraphic anomalies such as at CrUmdd MyUk. 
7.2.2 Organic Clay 
Directly overlying the lake marl at a few locations across the fan is a distinct deposit 
of a dark, very fine-grained, organic-rich material. This deposit is identified at 
(; atalh6yiik in the centre of the qar*amba fan, at Avrathani Hbytik towards the north- 
west of the fan and at Kizil H6yiik 1, also centrally located on the fan but some 5km 
north-east of I; atalh6yiik. The deposits in each of these locations appear to be very 
similar and this is confirmed by statistical analysis, thus suggesting that the same 
sedimentary episode was represented at each location. Although physically very 
similar the units varied in thickness from only a few centimetres in the cores through 
the east mound at I; atalh6yiik to about one metre in section at Kizil H6yiik 1, though 
the base of the unit was at almost identical elevations at these two sites. The basal 
elevations of the unit in section 95PC1 and at Avrathani H6yUk were approximately 
one metre higher and lower, respectively, though as has been shown above, the 
underlying lake marl does undulate considerably and so differential elevation should 
not be used to suggest temporally differing units. Indeed the dating evidence does 
strongly suggest contemporaneity adding further to the evidence of the same 
depositional phase being extant in all three areas. At Avrathani H6yUk and Kizil 
H6yUk I the organic clay has been 14C dated giving (calibrated) dates of c. 9600 BP 
and c. 9400 BP respectively. The base of the 'Lower Alluvium' in section 95PCI at 
qatalh6yok, which directly overlies the organic clay, has given an OSL date of c. 9000 
BP. However, given the large standard errors involved with OSL dates (the actual 
OSL date here is 8937 ± 1868 BP) and cultural material above c. Im of alluvium (see 
below) also giving similar dates, it is suggested that the organic clay unit at 
ýatalh6yfik is broadly contemporary and therefore derived as a result of the same 
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depositional processes as that at Avrathani H6yUk and Kizil HbyUk 1. The organic 
clay can therefore be dated sometime between c. 9800 BP and c. 9200 BP. It is further 
suggested that at each site the organic clay provides evidence of marshy areas, 
possibly residual, following the 'drying out' of the main lake. Depressions such as 
these (and probably others still to be identified) provided foci for standing-water 
sedimentation at the very beginning of the Holocene, prior to the subsequent 
inundation of much of the area by fine-grained alluvial sediments deposited by the 
waters of the Carsamba river, over what was predominantly a flat surface of dry 
lacustrine, deposits (as much of the Konya Plain north of the Car$amba fan is today). 
Alternatively, it may be that sedimentation occurred over a larger area during a period 
of lake transgression. Thus the deposits recognised at QatalhbyUk, Avrathani and 
Kizil I may all have been sediment from one large marshy depression accumulated 
during a damper period at the beginning of the Holocene, possibly similar to those 
recognised in deposits by Kuzucuoglu et al. (1997) at Karapinar. An alternative 
correlation linking the organic clay with the marsh marl described by de Meester 
(1970) from the Yarma depression to the north of the (; ar$amba fan seems less likely 
as the abundance of shells of large aquatic molluscs in the latter is not evident in the 
former, neither are the high carbonate levels in the marsh marl reflected in the organic 
clay. 
7.2.3 Lower Alluvial Deposits 
In the majority of sequences studied (with the obvious exception of the three above) 
the lake marl was directly overlain by a deposit of fine-grained alluvium, and at those 
sites where organic clay has been recognised, this is overlain by the same lower 
alluvial unit. This type of deposit is ubiquitous across the area of the I; ar*amba fan 
north of the sand ridge, and also present south of the sand ridge, at least at those 
locations closer to the current course of the Car$amba to the south of the breach in the 
ridge. Only in the area to the south-east of the sand ridge does the sequence appear to 
lack this sedimentary unit. 
Although there is an ubiquitous fine alluvial deposit across a large part of the fan 
there are variations in a number of the physical characteristics of the sediment, so 
much so that the fine alluvium was not always recognised in the field as the same 
deposit at all locations. At I; atalhbyiik this deposit was called 'Lower Alluvium', and 
at a number of other sites across the central fan a very similar deposit was recorded by 
the same name. This deposit typically exhibits an organic matter content of 4- 6%, 
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CaC03 equivalent content of 15 - 25%, mass-specific magnetic susceptibility of 0.1 - 
0.4 gM3 kg-1, and median grain sizes of 0.5 - 2.0 gm. It tends to be very dark in 
colour and appears to equate with the area of backswamp clay soils described by 
Driessen and de Meester (1969). The material is indeed backswamp clay and thus this 
term and 'Lower Alluvium' are used interchangeably. At Avrathani H8yuk to the 
north-west of the fan a slightly different fine alluvial deposit was identified which 
appeared to be slightly more organic-rich and with a slightly raised magnetic signal 
compared with the 'Lower Alluvium'. However, statistical analysis has shown this to 
be very similar to the 'Lower Alluvium' and it appears to represent the same 
depositional phase. It is thus considered here together with material from other sites 
referred to as 'Lower Alluvium'. 
This fine sediment exhibits considerable, non-uniform depth variations across the fan. 
Typically, alluvial fan deposits tend to thin away from the fan apex (Bull, 1977; 
Rachocki, 1981). While it has been shown above (Chapter Two) how the (; ar*amba 
fan is morphologic ally more akin to an alluvial plain rather than an alluvial fan, a 
depth of sediment decrease away from the source/apex would still be expected. It has 
also been shown above (Chapter Five) how the elevation of the underlying lake Marl 
shows a gentle slope downwards from south-west to north-east. However the change 
in thickness in the backswamp clay does not show such a clear decline from proximal 
to distal ends of the fan. Clearly sites such as Dolay H6yUk close to the north-eastern 
edge of the fan do exhibit reduced backswamp depths compared with sites such as 
qatalh6y0k, close to the centre of the fan, but the change in depth is not uniform with 
distance. This is partly due to the undulating nature of the underlying lake marl, which 
although showing a gentle slope downwards to the north-east also includes some 
topographic anomalies. At Okqu H6yUk the'Lower Alluvium' is very shallow because 
of the high elevation of the lake marl, close to the edge of the basin, whereas at 
Musalar H6yUk, a few kilometres downfan the top elevation of the marl is some 3m 
lower and the backswamp clay some 1.3m thicker. However, a few more kilometres 
downfan at Dedeli H6yUk the backswamp clay is again thinner though the marl 
elevation has dropped by almost another metre. The elevation of the marl at Dedeli 
My& is however higher than that of the surrounding area, which may account for 
this anomaly, the actual mound here having been apparently established directly on 
top of a marl hummock. As we progress downfan we again see the backswamp clay 
thicken at I; atalhbyiik, thin again at Agadami Hdyfik, then thicken again at Kizil 
H6yUk 1. There are also very thick deposits of backswamp clay to the north-west at 
Avrathani H6y0k and to the east of the current I; ar*amba river at Torundede H6y0k 
(see Figure 7.1 a). 
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Clearly it is not just the underlying morphology which is responsible for the varying 
thickness of the backswamp clay. The very nature of backswamp deposition over a 
long period dictates that uniform depths of material will not be observed across the 
whole area. Sedimentation of fine deposits takes place in areas away from the active 
water source and as the water source shifts, so does the area of fine alluvial 
deposition. The I; ar*amba river has thus cut through previously deposited fine 
alluvium (as evidenced between the mounds at Qatalh6yfik, for example), as it has 
altered its course, and at the same time this has resulted in the deposition of 
backswamp sediments at other locations. Thus over a period of a few millennia the 
broad extent of the fan is established, and whilst the same alluvial regime may be 
evidenced over a broad area, the actual dates of activity may vary considerably. At 
any one location there appears to be therefore as much lateral variation in deposition 
over time as there is difference in vertical accretion between sites. 
The period of deposition of the backswamp clay can be broadly established from a 
number of OSL and 14C dates obtained for this and the deposits directly above and 
below. In the exposure south of the mounds at (; atalhbyiik an OSL date of 8937 ± 
1868 BP has been obtained for the base of the backswamp clay, whilst from cores 
through the east mound OSL dates of 8886 ± 1664 BP, 8910 ± 2205 BP, and 8232 
±1370 BP have been obtained for the deposit. At Avratham Myilk and Kizil MyUk 
14C dates calibrated to approximately 9635 BP and 9365 BP respectively have been 
obtained for the underlying organic clay. OSL dates of c. 6600 BP have also been 
obtained for the fill of a palaeochannel (94PC 1) which cut the backswamp clay, in the 
exposure south of (; atalhbyiik. Taken at face value, these dates would probably 
suggest a period of deposition of the backswamp clay starting soon after c. 9400 BP 
and ending sometime before c. 6600 BP. However, all of these dates are from deposits 
from the central and outer areas of the fan. Clearly the earlier deposits from this 
alluvial phase are likely to be upfan of these locations, or south of the sand ridge, if it 
is assumed that this material was being deposited prior to the breaching of the ridge at 
a date unknown. Indeed this phase may have commenced in these areas prior to the 
organic clay sedimentation north of the sand ridge, and so may have begun at around 
the very beginning of the Holocene. Even at Catalh6ydk the backswamp phase may 
have commenced before 9200 BP given that the earliest dates from cultural materials 
here (c. 8900 - 9200 BP cal. ) are well above the basal cultural deposits (Mellaart, 
1975, and see below), and the large standard errors involved with OSL dates. 
In the absence of a wide spread of radiometric dates for most sites, dating by 
archaeological association is possible at a number of locations where sites have 
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clearly been established during the backswamp phase. The dating of Catalh6yuk has 
been well established for some time (Mellaart, 1975; Todd, 1976), the earliest 14C 
date obtained for ceramic Neolithic levels being calibrated at c. 9000 BP, there being 
c. 1m of alluvium below the basal cultural deposits dating to sometime before this. 
Sequences north and south of the mounds suggest a further 0.6 - 0.8m of backswamp 
accumulation after the establishment of the east mound. An early Neolithic date for 
the middle of the backswamp sequence rather than the onset of this phase seems a 
reasonable assumption here. Catalh6yiik West was also established following the 
accumulation of about a metre of backswamp clay. The upper levels of this mound 
have been dated by pottery typology to the early Chalcolithic (c. 8000 - 6500 BP) 
(Mellaart, 1965a; Last, 1996). Initial radiometric dating of the basal cultural deposits 
also suggests a Chalcolithic date. This may indicate an initial period of possibly rapid 
accumulation of alluvial sediment and then a long period of stability during the 
middle Neolithic and Early Chalcolithic, which saw the development of good quality 
agricultural soils in this area. More recent work (1997) by KOPAL has shown a 
sequence of buried soil horizons north of the east mound which suggest periods of 
flooding followed by drier periods and soil development. 
At Avrathani Hby0k, Kizil H6yUk I and Dolay H6yUk, and possibly also at K1zlar 
Hbyok and Crijmdil H6yUk, there is cultural material deposited within the backswamp 
clay phase in the recorded sequences. At Avrathani the basal cultural deposits lie 
above c. 0.65m of fine alluvial sediment, with up to 1.65m of alluvium deposited 
following the establishment of the site, which all appears to be of the Avrathanl 
AlluviuMPLower Alluvium'phase. The main phase of activity at this site was during 
the Early Bronze Age I- II (c. 5000 - c. 4400 BP), which is probably the date of the 
cultural material cored. If true this points to differential timing of alluvial deposition 
across the fan. Here, cultural material probably no earlier than c. 5000 BP lies above 
0.65m of backswamp clay whereas at (; atalh6yiik cultural deposits about 4000 years 
older lie above c. 1m of a similar deposit. This could be explained by a simple 
thinning of the deposit with distance from the fan apex. However the thickness of 
backswamp sedimentation following the establishment of both sites initially appears 
somewhat anomalous, being greater towards the edge of the fan than towards the 
middle of it. This may be explained by lateral shifts in the flow of the Qar*amba river, 
a far greater level of deposition occurring during the late backswamp phase towards 
the north-westem edge of the fan than in the centre and probably for a greater length 
of time. 
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At Kizil H6yUk I there is evidence of activity possibly from as early as the Epi- 
Palaeolithic through to the Early Chalcolithic, with the main phase of occupation 
again being during the Early Bronze Age. The basal cultural deposits recorded here, 
which probably date to the main occupation phase, were situated above c. lm of 
backswamp clay, with possibly another metre or so of fine alluvium deposited 
subsequent to site establishment. The exact nature of the sequence is complicated here 
by differential elevations of units between core and section. Again, though, a greater 
amount of deposition is suggested in the later backswamp phase than at (; atalh6yijk. 
At Dolay H8yfik there is evidence of cultural activity from the second millennium BC 
into the Iron age (c. 4000 - c. 2300 BP) with the basal cultural levels cored, overlying 
c. 0.65m of backswamp clay. There does not appear to have been much, if any 
subsequent alluviation at the site as the modern elevation of the surrounding fields 
equates closely with that of the top of the backswamp clay in the core. Therefore 
alluvial deposition possibly ceased sometime before occupation. 
At Kizlar H6y0k there were major phases of activity during the Early Bronze Age I- 
II (c. 5000 - 4400 BP) and Roman/Byzantine (c. 2000 - 1000 BP) periods. Both phases 
may be represented in the core here though the exact sequence is unclear because of a 
number of apparently interdigitating cultural and alluvial layers. The EBA does 
however appear to lie at the end of the backswamp phase in this core. Finally at 
firumda H6yfik the earliest and major phase of activity was during the Early Bronze 
Age, the basal cultural levels overlying c. 0.5m of backswamp clay, though how much 
subsequent accumulation of fine materials there was is unclear as the associated 
section was 2km away. What does now seem apparent from the 
Orflmda core 
sequence is that the material directly underlying cultural levels is the 'Lower 
Alluvium', but alluvial deposits below the upper marl layer (mostly grouped as 
Oromda Alluvium for statistical analysis) are in all probability Pleistocene in date. 
The evidence from these sites suggests cultural levels within the 'Lower Alluvium, 
dating from the early Neolithic to the Early Bronze Age I- 11, i. e. from as early as 
9600 BP to as late as 4400 BP. This is somewhat at odds with the radiometric dating 
evidence, though this may be partly explained by the large standard errors in OSL 
dates. Other sites (Dedeli H6yUk, Ku*lu Hbyflk 11, Musalar H8yUk and Okqu H6yuk) 
have evidence of Early Bronze Age or earlier activity, but at none of these was there 
evidence from coring of cultural deposits on backswamp clay. More importantly, 
some sites appear to have experienced 'Lower Alluvial' build-up after it ended at 
ýatalh6yiik. At Dedeli and Ku5ju 11 the bases of the archaeological mounds were 
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located on marl hummocks adjacent to alluvial deposits, the core at Musalar 116yok 
was clearly through in situ classical levels, and the core at Okqu HbyUk was through 
stratified cultural deposits clearly overlying a later alluvial unit. 
In a small number of sequences a paler fine alluvial unit was identified directly 
underlying the backswamp clay which was termed 'Bottom Alluvium'. This has 
previously been treated as a separate unit. However, it appears that such differences 
between this and the backswamp clay may have been caused by post-depositional 
activity, particularly waterlogging, leading to leaching of the deposit and the 
subsequent paling in colour and reduction in magnetic susceptibility (the main 
differences between this and the backswamp clay) this deposit has thus been included 
in the discussion of the lower fine alluvial units, as in terms of deposition, it belongs 
to the same sedimentary phase. 
In general then, the backswamp clay can be seen as an extensive but possibly time- 
transgressive deposit across the area north of the sand ridge, being locally variable in 
terms of physical characteristics, particularly depth, as a result of differing patterns of 
spatial deposition over a number of millennia. Radiometric and cultural dating of the 
material suggests deposition of this unit over a total time period in excess of 5000 
years, though clearly this was not continuous in any one location, and probably ceased 
in the later Early Bronze Age in archaeological terms, or by about 4400 BP in 
(calibrated) calendar years. More dated sites and levels within backswamp clay 
sediments are ideally needed to further refine the dating of the deposit in different 
locations. 
7.2.4 Upper Alluvial Deposits 
At many of the locations across the I; ar*amba fan the backswamp clay is overlain by 
another alluvial unit. Again, this was first identified in the QatalhbyUk area where it 
was called 'Upper Alluvium'. Similar material has subsequently been identified at a 
number of other locations, but it is by no means as ubiquitous as the underlying 
backswamp clay; neither does it tend to attain the thickness of the lower unit. The 
'Upper Alluvium' appears much redder and is a less fine-grained material than the 
backswamp clay, typically exhibiting an organic content of 3- 5%, CaC03 equivalent 
of 15 - 30%, mass-specific magnetic susceptibility of 
0.5 - 1.0 [LM3 kg-1, and a median 
grain size of 1.5 - 5-09M. 
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This deposit was clearly identified at seven sites (Okqu Myilk, Musalar 116yuk, 
C, atalhbyilk, Agadami MyUk, Torundede H6yijk, Kizil Myfik 11 and Ku*lu 116yOk 
11), and was apparent in two other cores (Avrathani Myflk and Kizlar 1-16yok). The 
locations of these sites within the alluvial stratigraphy can be seen in Figure 7.4 
(below), as can those established during the backswamp phase. As can be seen from 
the distribution of sites on the 'Upper Alluvium' (Figure 7.1b) it is a deposit which 
tends to be restricted to a central area of the fan directly south of the sand ridge breach 
and to the south and east of the fan, north of the sand ridge, i. e. on the main fan axis, 
with few, if any sites of deposition on the fan margin. Again the thickness of the 
deposit varies spatially due to the thickness and elevation of the underlying material 
and the shifting course of the river, though very similar depths of material (c. 1.3 - 
1.4m) were recorded at 1; atalh6yi! k, Agadami H6yiik, Kizil 116yUk It and Ku*lu 
HbyUk It. The latter site appears to have been established on a marl hummock during 
the Early Chalcolithic (c. 8000 - 6500 BP), contemporary with backswamp clay 
accumulation in the area, though there is no stratigraphic relationship between cultural 
deposits and the lower alluvial unit. However the 'Upper Alluvium' has both 
inundated in situ cultural deposits and interdigitated with peripheral colluvial deposits 
at the site, the latter also burying a pit, cut into the marl hummock, the fill of which 
included charcoal which yielded a calibrated 14C date of c. 3700 BP. This date is 
inconsistent with the finds from the site which all belong to Early and Late 
Chalcolithic periods (c. 8000 - 5000 BP, Baird, pers. comm. ), though maybe 
contemporary with 'Upper Alluvium' deposition if it is assumed that the charcoal was 
washed into an earlier feature during deposition of the later alluvial unit. 
There is less radiometric dating evidence for the 'Upper Alluvium' than the 
backswamp clay, the OSL date of 5548 ± 1337 BP from the section south of 
r, atalhbyUk being the only direct date from this deposit. Even this may be too early if 
a terminal date of backswamp clay around 4400 BP is accepted, as deposition of the 
two broad alluvial units clearly did not overlap (in this light the date from Ku$lu 
H8yfik Il would appear more likely to be contemporary with the 'Upper Alluvium', 
though clearly the feature from which it came was not). It would be easy to assume at 
other sites that the date of the end of the backswamp phase is the same as that for the 
commencement of upper alluvial deposition. However it appears that there was a 
hiatus between the two phases. In all of the sections where the interface between the 
backswamp clay and the 'Upper Alluvium' is visible there is a clear and sudden 
change from one to the other. The onset of the upper alluviation may therefore post- 
date the backswamp phase by some time at each site, there having been some change 
in an external (environmental or cultural) factor during this time which led to a 
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dramatic alteration in the alluvial regime (though see below, section 7.2.5, and also 
Chapter Eight). It is not clear when deposition of the 'Upper Alluvium, ceased, but it 
may have coincided with the canalisation of the Qar5amba river and irrigation of the 
fan, which commenced in 1912 (Todd, 1976) and prevented widespread overbank 
flooding of the river. 
In a number of cores cultural deposits overlay 'Upper Alluvium' so dating by 
archaeological association of levels within the sediment is possible. At Okqu Myflk 
and Musalar Hbyfik the major phase of activity was from the Hellenistic to 
Roman/Byzantine periods (c. 2300 - c. 1000 B P). These sites overlay c. Im and c. 0.5m 
of 'Upper Alluvium' respectively. At Okqu there has been c. 0.4m of deposition since 
the establishment but at Musalar there is only 0.65m of 'Upper Alluvium' in total, this 
being buried by the unique 'Musalar Top Alluvium'. This suggests the establishment 
of the site towards the end of the upper alluvial phase. As this is clearly followed by a 
later phase not recorded elsewhere, final deposition of 'Upper Alluvium' was probably 
earlier here than at other sites, especially given that it was overlain by 0.6m of 
Musalar Top Alluvium, and this in turn was overlain by 1.65m of colluvial slopewash 
deposits. It may be that at the time of the cessation of the 'Upper Alluvium' phase 
there was a significant shift in the river channel, which once again returned Musalar to 
a location within a backswamp environment, possibly as late as the Byzantine period 
and certainly within the last 2000 years. 
At Kizil Mytik 11 the earliest and major phase of activity was during the Iron Age 
(c. 3200 - c. 2300 BP). The cultural deposits overlie c. 1.4m of 'Upper Alluvium' and 
whilst no adjacent section through all deposits was recorded, the elevation of the 
surrounding field level suggests very little alluvial accumulation since the founding of 
the site. Torundede H6yUk was occupied during the Hellenistic and Roman/Byzantine 
periods. The cultural deposits overlie just 0.25m of 'Upper Alluvium' and whilst there 
was again no nearby exposure recorded, the surrounding field level suggests c. 0.6m of 
alluvial accumulation since the founding of the site, suggesting that the bulk of 'Upper 
Alluvium' was deposited here after about c. 2000 BP. Agadami HbyUk was founded 
during the Roman/Byzantine period (c. 2000 - c. 1000 BP). The cultural deposits here 
overlie c. 0.8m of 'Upper Alluvium' but the level of subsequent upper alluvial 
deposition is difficult to establish as the top of the exposed section recorded here was 
actually below the level of the top of the 'Upper Alluvium' in the core and c. I in lower 
than the elevation of the field adjacent to the site. The alluvium in the section was 
recorded in the field as 1.6m of 'Upper Alluvium' overlying marl, which seems 
unlikely given that there was definitely backswamp clay deposition in this area, 
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though the exact depth is also not known as coring failed to fully penetrate all alluvial 
layers. Given that the elevation of the base of the alluvium in the section is known, as 
is the current ground surface elevation, a total alluvial depth of c. 2.6m is apparent. 
The base of the 'Upper Alluvium' in the core is c. 1.2m below the current land surface 
suggesting this much 'Upper Alluvium' deposition, 0.3m of this being subsequent to 
the establishment of the site. 
At Avrathani H6yiik, material overlying the cultural deposits was described as 'Upper 
Alluvium' and appears to have been initially confirmed as such by the statistical 
analysis. However such a deposit was not evident in the nearby ditch section (though 
it may have been eroded from the top of this sequence), most of the deposits being 
grouped as Avrathani Alluvium for statistical analysis, even the upper deposits 
exhibiting different physical characteristics to those overlying cultural levels and 
'Upper Alluvium' elsewhere. The evidence from the section and the general 
distribution of the 'Upper Alluvium' suggests that this deposit was unlikely to be 
extant at Avratham. 
Finally, at Kizlar H6yiik the Roman/Byzantine levels (if this indeed is the date of the 
upper cultural deposits) appear to have been established during the upper alluvial 
phase, though as already discussed, there has been interdigitation of deposits here and 
contamination of alluvium by cultural material, and so the exact nature of this upper 
alluvial material is not as clear as in sequences further south. There is also no apparent 
'Upper Alluvium' in the Kizlar ditch section, which may suggest a deposit in the upper 
levels of the core sequence superficially similar to the 'Upper Alluvium' but actually 
being a different material which has undergone post-depositional processes, as is 
apparent at Avratham Hdyiik. 
Overall the deposition of the 'Upper Alluvium' appears to have commenced sometime 
after 4400 BP and continued until relatively recently. The earliest archaeological sites 
located on a surface of this deposit date to the Iron Age (c. 3200 - 2300 BP ), though 
material was clearly accumulating before this date. Sites dating to the second 
millennium BC are also contemporary with the deposition of this material. It is also 
clear that there is considerable lateral variation in the character of this deposit, 
although deposition has been restricted to the central sector of the fan to the north of 
the sand ridge and close to the current river course to the south of the ridge. Although 
similar depths of material may have been deposited at different sites the position of 
cultural levels within sequences suggests variable levels of alluvial deposition before 
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and after dated deposits. This would tend to suggest quite a considerable variation in 
the position of the (; arsamba river over relatively short timescales. 
Z 2.5 An Intermediate Alluvium? 
It has been shown above (Chapter Two) how alluvial fans can expand both laterally 
and longitudinally, with deposition being time-transgressive. Sediments can remain in 
the system without being evacuated, unlike in other alluvial environments, such as 
river floodplains. As the (; ar$amba river deposited its sediments on the plain north of 
the sand ridge this would initially have been in the area just north of the breach and 
what is now the central sector of the fan. As the river shifted laterally, so material 
would be deposited over a wider area, and as the volume of deposited material 
increased over time then deposition would progress further out onto the plain. 
It has been shown above how material identified as Avrathani Alluvium is very 
similar to the 'Lower Alluvium' and ascribed to the same general alluvial regime. It is 
suggested here however, that the Avrathani Alluvium was deposited later than the 
'Lower Alluvium'. It is represented at sites further out onto the fan than those in the 
central sector such as Catalh6yiik where the 'Lower Alluvium' was first clearly 
identified, particularly at Avrathani H6yiik, Dedeli H6yiik and Kizil HbyUk 1. This 
material was identified at the type-site during laboratory analysis, but only at the other 
locations during statistical analysis. In Figure 6.7 the Avrathani Alluvium clearly 
plots out as a group at the top edge of the 'Lower Alluvium' distribution, however if 
the 'Lower Alluvium' from cores and sections from Avrathani, Dedeli and Kizil I are 
isolated (Figure 7.2) an interesting pattern emerges. This shows a tendency for the 
'Lower Alluviunf at each site to plot closer to the Avratham Alluvium group centroid 
rather than that of the 'Lower Alluvium' (the 'Upper Alluvium group centroid is 
included to put the distributions into a wider group perspective), and this tendency 
increases towards the top of each sequence, i. e. the later sediments appear more likely 
to be Avrathani Alluvium. Taking this evidence along with the time-transgressive 
nature of fan deposition it is therefore suggested that at these sites (and probably more 
still to be identified) a phase of alluviation later than in the central sector of the fan is 
observable. Thus whilst there was an apparent hiatus in alluvial sedimentation in the 
ýatalh6yuk area, alluvial deposition was continuing in more peripheral areas. There 
must have been continuous deposition of alluvial sediments on the Qar$amba fan 
throughout the Holocene, though no single location is likely to provide a continuous 
record. 
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7.2.6 Sequences South of the Sand Ridge 
The sequence of alluviation recorded across the fan north of the sand ridge continues 
to the south approximately parallel with the course of the now north-flowing 
4; ar*amba river. However a different pattern of alluvial deposition is apparent at sites 
to the east of this and south of the sand ridge. It has been discussed above (Chapter 
Two) that the I; ar*amba river may originally have been deflected eastwards by the 
sand ridge before the ridge was breached by the river in the late Pleistocene or early 
Holocene, as there are clearly alluvial deposits in this area. Sequences from two sites 
(Boyali Tbmek and Kuru Myfik) and associated sections have been studied in this 
area, and as has been shown in the previous two chapters, have yielded materials 
difficult to equate with those to the north and west. 
At Kuru H6y0k the earliest and main phase of occupation is during the Early Bronze 
Age I- II (c. 5000 - 4400 BP), with subsequent activity in the Iron Age (c. 3200 - 2300 
BP). There are clearly two fine alluvial units in both the core and section here with the 
basal cultural deposits overlying part of the upper of these units (Figure 7.4). In both 
of these sequences this deposit is very similar to the 'Lower Alluvium' and has been 
described and analysed as such. In the section it is c. 1.4m thick whilst only c. 0.2m of 
the deposit lies below the cultural deposit. The core and section units can clearly be 
correlated and so the basal cultural deposits appear to have been made shortly after 
the onset of this alluvial regime. This suggests a later date for the'Lower Alluvium' in 
this area than that to the north and west, though again spatial and temporal variations 
in this unit may come into play. Below this unit in core and section was a further 0.5m 
and 1.3m respectively of a different fine alluvium. Unfortunately in neither sequence 
was the lower unit completely penetrated, furthermore there is some variation 
between the sediment in the core and section. This lower unit in both sequences is 
different to any of the fine alluvial deposits previously discussed and cannot therefore 
be correlated with any other units. This fine alluvium clearly pre-dates the 'Lower 
Alluvium' in this area and the material in both core and section would appear to be 
broadly contemporary. It is therefore suggested that this lower deposit dates to a very 
early phase of alluvial activity, possibly prior to the breach of the sand ridge. It is thus 
conceivable that the onset of this regime may even have begun during the terminal 
Pleistocene in this sector. 
The earliest and major phase of occupation at Boyali T6mek was again during the 
Early Bronze Age, with some subsequent activity during the Iron Age. In the cored 
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sequence the lowest cultural levels (probably EBA) overlay C-0.5m of fine alluvium, 
though this was clearly different to both the 'Upper Alluvium' and 'Lower Alluvium'. 
This in turn overlay a further c. 2m of alternating fine alluvial and coarser fluvial 
deposits, possibly representing a similar sequence of a changing river channel to that 
between the mounds at (; atalh6yijk, thus giving an indication of the location of a 
former eastern branch of the (; ar*amba river, or being evidence of a reworking of 
material from the sand ridge. The fine sediments were clearly different to those at 
C, atalhbyUk however. There was lake marl at the base of the sequence. 
An exposed section close to the mound at Boyah revealed a sequence which could be 
broadly correlated with that from the core though lacking the fluvial elements. This 
also suggested a further c. 0.6m of fine alluvial accumulation following site 
establishment. If the lower cultural deposits were Early Bronze Age, this suggests a 
contemporaneity of the fine alluvium with the'Lower Alluviunf (an OSL date of 2187 
± 443 BP on material over a metre below the cultural levels is clearly unreliable). 
Unfortunately the lack of any other dating evidence precludes more accurate dating 
and estimation of the duration of this alluvial phase, though one similar to that of the 
'Lower Alluvium' is expected. Though the upper sediments in the section sequence 
W, ere originally described as 'Upper Alluvium', the discriminant analysis showed the 
two samples thus classified to fall in the area of overlap between 'Upper Alluvium' 
and 'Lower Alluvium', though the magnetic susceptibility would suggest a greater 
similarity to the 'Upper Alluvium'. Up to 1.5m of this type of deposit can therefore be 
tentatively suggested. It may be that as an intermediate alluvial sediment type has 
been'proposed for some of the sites north of the sand ridge (above), so a similar 
phenomenon may be observed here, though clearly of a different physical nature at 
this site. The lower sediments in this sequence exhibited individual characteristics of 
both main alluvial types but taken together did not appear to correlate with either. 
Indeed there appears to be no correlation between these samples and materials to the 
north and west, or Kuru H6yiik to the east. Occupation of Boyalt T6mek and Kuru 
Hbyijk appears to have been broadly contemporary but the two sites were established 
on'different sediments. In this respect the sequence at Boyall T6mek is something of 
an anomaly as one unit ('Lower Alluvium') appears to be present in all other sites, 
including Kuru Hby0k. It was originally thought that the fine alluvium at Boyall 
T6mek was the same unit as the lowest alluvium at Kuru MyUk, and whilst there are 
similarities between the Boyali material and that in both core and section at Kuru, and 
there is possibly some contemporaneity between the earlier levels of each, it seems 
that different units are present at each site, particularly given the results of the 
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statistical analysis. Until further sites are studied, the sequence at Boyall Tbmek 
cannot be accurately correlated with any other (though see below). 
Z2.7 Fluvial Sequences 
At a small number of locations across the study area sequences of coarser fluvial 
materials have been recorded, indicative of palaeochannel deposits. Clearly the fine 
alluvial deposits discussed above are indicative of river activity since the early 
Holocene, however these fluvial deposits are evidence of the actual location of 
shifting river channels at various times during the Holocene. Sequences of such 
deposits have been recorded between the mounds at I; atalh6yiik, exposed in sections 
south of (; atalh6yiik and in the core at Boyah T6mek. 
Early evidence of fluvial activity may come from the sequence of deposits below 
Boyall T6mek. Here there is a sequence of alternating coarse fluvial and fine alluvial 
sediments indicating a shifting river channel. The lower channel fill occurring just 
above the marl in the sequence. It may even be that the channel cut the marl, though 
this is unclear, the evidence only coming from a narrow bore hole rather than an 
exposed section. Above the alternating layers is c-lm of fine alluvium, upon which 
was established an Early Bronze Age I- 11 site (c. 5000 - 4400 BP). The earliest 
channel activity would therefore appear to have substantially pre-dated this. 
Unfortunately no more firm dating evidence is available for this site. Thus the 
chronology below the cultural levels remains a 'floating' one, though it is important to 
have this evidence of a former eastern flow of the Carsamba river (it has been 
suggested above that this may relate to fluvial activity prior to the breach of the sand 
ridge), and the site is close to palaeo-meanders mapped by Driessen and de Meester 
(1969), though these may relate to later activity. 
A sequence to the south of I; atalh8yiik revealed a clear palaeochannel sequence 
dating from towards the end of the backswamp clay phase, and sealed by 'Upper 
AlluviunV. Dates ftom the fills of what appears to have been a cut-off feature such as 
a palaeo-meander show that filling of this feature began c. 6600 BP. This is slightly 
later than the other palaeochannel south of Qatalh6yiik (95PC2). 
The most complex sequence of past fluvial activity comes from between the mounds 
at qatalh6yfik. The two cores (95E and 95F) from here revealed a complete sequence 
from the current land surface back to pre-fluvial deposits, including evidence from at 
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least two archaeological phases. Although the two cores reveal slightly different 
sequences the fluvial activity in both appears to have cut into the lake marl and 
continues through the backswamp phase and well into the 'Upper Alluvium' phase. 
Both sequences have also provided archaeological and radiometric dating evidence. In 
core 95E in situ Neolithic material lay between backswamp clay and 'Upper 
Alluvium', with fluvial activity occurring during both phases. An OSL date of 
c. 10,500 BP from the 'Lower Alluvium' below the cultural levels and above the first 
four fluvial phases suggests an early onset of fluvial activity here, though the large 
standard error of the date (> ± 2000 years) may suggest a close contemporaneity 
between the backswamp phase as measured here and in section 95PCI for example. A 
later cultural phase is represented in core 95F with secondary cultural deposits 
producing OSL and 14C dates of c. 7600 - 6500 BP indicating that this is Chalcolithic 
material derived from the west mound. Again the cultural deposits are preceded and 
followed by fluvial phases, coarse material from above the cultural level being OSL 
dated to c. 5400 BP, closely correlating with the date for the onset of 'Upper Alluvium' 
deposition in section 95PCl (though both dates may actually be too early). There thus 
appears to be a broad correlation between the fluvial phase in section 94PCI, the 
upper fluvial phases in core 95E and the cultural levels in core 95F. 
7.3 Comparison with Evidence from Soil Mapping 
The soil maps of Driessen and de Meester (1969) and de Meester (1970) show the 
current distribution of former backswamp, clay soils and I; arsamba Fan soils, and it is 
on'these that a number of the figures (Figure 7.1,7.3) have been based. The total area 
of the fan approximately equates with the extent of the backswamp clay or 'Lower 
Alluvium' though this is not labelled on the soil maps as such, partly because this 
material has been buried by more recent deposits. The current study broadly agrees 
with the soil maps in that the extent of the 'Lower Alluvium' equates with the 
Maximum extent of what de Meester describes as the former backswamp soils. It had 
also been assumed that the distribution of the 'Upper Alluvium' would equate with 
that of the I; arsamba Fan soils of the soil maps as these soils were developed on this 
alluvial type, and indeed the absence of 'Upper Alluvium' and Qar$amba Fan soils is 
coincident over much of the fan, particularly in more peripheral areas. However there 
are differences in the two apparent distributions (Figure 7.3). 'Upper Alluvium' 
appears to extend further northwards (to Kizlar Hbyfik), and further eastwards north 
of the sand ridge (to Ku*lu H6y0k 11) than does the distribution of the I; arsamba Fan 
Soils. Conversely the soil maps show a far wider distribution of the (; arýamba Fan 
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soils south of the sand ridge than the spread of 'Upper Alluvium, here. It would appear 
that the materials recorded at Boyall T6mek and Kuru H6yiik were classified as 
Qar5amba Fan soils, though analysis here suggests that sediments here are different 
from the'Upper Alluvium' further west and north. It is however noticeable that Boyall 
T6mek appears to be located on what are described by Driessen and de Meester 
(1969) as Sandplain Soils, which although part of the rar5amba Fan series are not 
extant further west and north and may therefore explain the unique character of the 
Boyah sediments (reworking of materials from the sand ridge having had some effect 
on the nature of these deposits). Although former backswamp soils are recorded close 
to Kuru Myfik, and by inference backswamp clay probably underlies the site as 
shown by the analysis here, the soil maps show the site to be located on I; ar*amba 
Fan soils. It may be that the soil type in this area, which is only recorded elsewhere in 
a small tract just to the north-east of Karkin (and on which none of the sites in the 
current study is located), is developed on the same deposit as recognised in the upper 
part of the section at Kuru which though similar to Lower Alluvium' (in terms of both 
physical and statistical analyses), may not actually be such a deposit. This may 
therefore have been deposited during a later phase than that of the 'Lower Alluvium' 
and deposition contemporary with that of the 'Upper Alluvium' may thus have 
occurred in this area. 
At Kizlar Hbyijk doubts over the nature of the 'Upper Alluviua have already been 
expressed. These appear to be borne out by the lack of Car*amba Fan soils here. At 
Ku*lu H6yfik 11 an upper alluvial unit was clearly recognisable in section though no 
I; ar*amba Fan soils are recorded here. In this case it is therefore suggested that this 
broad soil type may extend further than is suggested by Driessen and de Meester. 
7.4 DiscussiOn 
From the evidence discussed above it is apparent that a number of broad phases of 
activity can be correlated across a 
large proportion of the area covered by the 
Qarýamba fan. The first broad fine alluvial phase, the 'Lower Alluvium' has been 
shown to be almost totally ubiquitous across the area of study and more or less 
equates with the total area of the fan. Material from this unit is present at all locations 
except Boyah T6mek. The second major alluvial phase is less widespread, being 
restricted to an area close to the course of the Car*amba river, in the eastern-central 
area of the fan, and possibly also to the south of the sand ridge, the thickness of this 
de I posit generally being less substantial than the underlying material. An 
intermediate 
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phase of deposition has also been recognised which may reflect a continuum of 
alluviation from the first to second major phases. 
The correlations between sites in terms of the alluvial deposits are exhibited in figure 
7.4, which also shows the relative elevations of each of the sequences and the basal 
levels of recognised archaeological deposits at each site. At each site the information 
from cores and exposed sections has been used to create a summary stratigraphy at 
each location, the sites being broadly arranged with those south of the sand ridge to 
the left and progressing broadly from south-west to north-east from left to right, with 
the exception of Kizil My& I and Avrathani My& which have positioned to show 
the correlation of the organic clay with each other and with that at Qatalh6yuk. The 
basal level in each sequence represents in most cases the top of the marl and should 
therefore broadly equate with the Pleistocene/Holocene transition. Sircak H6yUk and 
Kizlar Hbyfik are not included in the figure, the former because a full sequence was 
not recorded, and the latter because of the complications caused by interdigitating 
cultural and alluvial deposits. 
Figure 7.4 reflects the broad reduction in top elevation of the lake marl with distance 
from the fan apex and also a general 'thinning' of the alluvium. It also demonstrates 
how sites of varying date fit into the sequences in different positions and how 
similarly dated sites show varying positions within the same alluvial deposits. This 
latter phenomenon is reflective of the dynamic nature of the river system with 
deposition of the 'Lower Alluvium' being continuous over the area as a whole but 
time-transgressive in age, there being spatially variable periods of deposition resulting 
in some sites of similar age being located on much thicker deposits of alluvium than 
others. The same pattern is also noted 
for sites located on the'Upper Alluvium'. 
A broad dating of the sequences across the fan has also been possible. At each 
location studied the late Pleistocene is represented by the upper deposits of lake marl. 
Following this, in a number of localities to the north of the sand ridge, marshy areas 
remained, either in local depressions or as one feature covering a larger area (Figure 
7.5a). Meanwhile to the south of the ridge, which had probably still to be breached, 
the qar5amba river was depositing a fine, slightly sandy grey-brown alluvium (Figure 
7.5a). At about 9600 BP there was a change in alluvial regime. The breach of the sand 
ridge just to the north of the present day village of Gilvercinlik may also have 
occurred at this time. This resulted in large backswamp areas being created as 
branches of the river both north and south of the sand ridge shifted course, possibly 
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over a period of up to 5000 years. A number of prehistoric sites have been shown to 
have been located on deposits of this backswamp material, certainly from the 
Neolithic, as clearly demonstrated at Qatalh6ytik, and apparently continuing into the 
Early Bronze Age, as demonstrated at a number of other sites. A number of these also 
exhibit further backswamp accumulation following their foundation, having been 
located in areas of continued alluvial activity and flooding. Thus by c. 9000 BP there 
was an area towards what is now the central and southern part of the fan, where there 
were deposits of alluvium and where Neolithic activity was established (Figure 7.5b). 
By the end of the Neolithic the area of these deposits had expanded, with more sites 
evident in the Chalcolithic (Figure 7.5c). The backswamp phase appears to have 
continued until about sometime between 5500 and 4400 BP (based on archaeological 
and radiometric dating) at the fan margin, though this will have varied from site to site 
according to the position of the river, and appears to have established the maximum 
extent of the current fan (Figure 7.5d). At this point there appears to have been quite a 
dramatic change in the environment of the area, and probably more importantly, in 
that of the I; ar*amba catchment (see below, Chapter Eight). There is an apparent 
hiatus resulting in the cessation of fine alluvial deposition at some sites, though not 
necessarily at others. This period is also recognisable in the archaeological record of 
the area, with there being very little evidence of cultural activity on the fan between 
c. 4400 and c. 4000 BP (Early Bronze Age III, Baird, pers. comm. ). It is at this point 
that a change to a sedimentologically different fine alluvial unit appears to have taken 
place. None of the sites studied by KOPAL is of this date and the wider 
archaeological survey has recorded minimal material of this period (Baird, 
pers. comm. ). An environmental cause of these phenomena appears possible (see 
below, Chapter Eight). After about 4000 BP there is evidence of an increase in 
cultural activity across the fan again. Of the sites in this study there is evidence of 
activity in this initial 2nd millennium BC phase at 
Criimdii H6yUk and Dolay Myfik. 
Alluviation appears to have continued throughout the following cultural periods, there 
being numerous archaeological sites across the fan from Iron Age to Byzantine in 
date, many established during phases of deposition of the 'Upper Alluvium'. This 
deposit is not so widespread as the backswamp clay, 'Upper Alluvium' not reaching to 
the more distal reaches of the backswamp clay. At Dolay Myfik close to the eastern 
edge of the fan, for example, there is evidence of 2nd millennium BC settlement but 
this is on the earlier deposit, consequently there is little if any evidence of alluviation 
subsequent to site foundation. Deposition of the upper alluvial unit then continued 
until relatively recently, modem soils being developed on it where it is extant. 
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c. c. 8000 BP 
Given this overall progressive model, with obvious fluctuations as a result of river 
dynamism, quite a clear chronological sequence is evident. However, there are some 
discrepancies between the dates of archaeological deposits and radiometric dates of 
alluvial deposits. Radiometric dates for the organic clay suggest an approximate age 
of this deposit of c. 9800 - c. 9200 BP with the onset of lower alluvial deposition 
commencing after this from c. 9000 BP, though this will have been spatially variable. 
An OSL date from the base of the'Lower Alluvium'at Catalh6yilk also confirms this. 
I; atalh8yiik would therefore appear to have been founded during phase b on Figure 
7.5. However 14C dates from Mellaart's level X cultural deposits at Qatalh6yuk when 
calibrated (Stuckenrath and Lawn, 1969) give a mean age of c. 8900 BP, and this from 
material at least 1.6m above the basal level of cultural material in cores 94A and 94D, 
with these cultural materials overlying c. Irn of 'Lower Alluvium'. There therefore 
appears to be some time compression concerning the relevant radiometric dates 
relating to the cultural and underlying natural deposits. However, if a number of 
factors are taken into account it is possible to rectify these apparent discrepancies. 
Firstly, it is feasible that the organic clay phase persisted for longer at Avrathani 
H6yiik and Kizil H6yiik I than at I; atalhbyiik with the commencement of backswamp 
clay deposition at these peripheral (to the current fan) localities being later than 
towards the centre of the fan (and also continuing to a later date). Secondly, the large 
standard errors in the OSL dates used to date the backswamp clay may permit an 
earlier date than that of c. 8900 BP suggested from cores 94A, 94D and section 95PC I 
from Qatalhbyfik. Thirdly, it may have been that the initial backswamp accumulation 
was very rapid particularly in central areas of the fan in the Qatalh6yUk area. This 
may also partly explain why Neolithic deposits here overlie greater depths of 
backswamp clay than do Early Bronze Age deposits elsewhere. 
A further dating discrepancy comes with the dating of the 'Upper Alluvium. One 
radiometric (OSL) date 
from the base of this deposit again comes from section 95PC 1 
at (; atalh6yiik which gives an age of c. 
5500 BP. However there are clearly deposits 
within the backswamp clay elsewhere dating to the Early Bronze Age and therefore 
no earlier than c. 5000 BP. At all sites where this is the case, there is also clearly 
backswamp accumulation subsequent to the initial cultural deposits in the area. It 
could be argued again that the 
large standard error in this OSL date would permit a 
Inuch younger date to be suggested 
for the onset of the 'Upper Alluvium', perhaps as 
late as c. 4400 BP, suggesting a contemporaneity with the apparent depopulation of the 
area in the late Early Bronze 
Age, or even c. 4000BP, suggesting a contemporaneity 
with suggested repopulation, though this 
date would be beyond the limits even of the 
standard error. 
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Another factor which needs to be considered relating to chronological discrepancies is 
the dating of fluvial deposits at Qatalhbytik, particularly the dates obtained from 
palaeochannel deposits in section 94PC 1. These suggest filling of this feature at about 
6600 BP. However this feature clearly post-dates the 'Lower Alluvium', which it cuts 
through and clearly pre-dates the 'Upper Alluvium! by which it is sealed. This may be 
explained if it is suggested that backswamp accumulation had ceased by c. 6500 BP in 
this area. This would thus give a hiatus of perhaps 2000 years between the lower and 
upper fine alluvial phases here, with little if any overbank flooding of the river here 
during this period (which may have had positive implications for sediment stability, 
soil formation and agricultural exploitation by the Early Chalcolithic (c. 8000 - 6500 
BP) inhabitants of the west mound at I; atalh6y0k). This would be further evidence of 
the large spatial and temporal variations in the deposition of the backswamp clay. 
Overall then, the picture of late Pleistocene to mid/late Holocene sedimentary and 
archaeological chronology can be seen as one of lake retreat north of the sand ridge 
followed by some residual stands of marsh deposits (some of which may have 
subsequently experienced limited soil development) in this area and the flowing of the 
I; ar*amba river south of the ridge. The ridge may then have been breached c-9000 BP 
and the river flowed into the basin north of it, depositing fine backswamp clays during 
periods of flooding both in this area and to the south of the sand ridge. This regime 
continued until between c. 6500 and 4500 BP, the date varying spatially, by which 
time an area c. 474kM2 had been covered with alluvial clay. During this time a number 
of archaeological sites were established from the Neolithic to Early Bronze Age, 
which saw the development of occupation mounds and continued alluvial 
accumulation. Following this backswamp phase there was an apparent hiatus in fine- 
grained alluvial deposition, the length of which again varied spatially, though the 
I; ar*amba does appear to have continued flowing, at least to the north of the sand 
ridge at this time. At about the same time as this, or soon thereafter at some sites, 
there was also widespread depopulation of the area. Following the hiatus a second 
alluvial regime began to deposit material over a more limited area than the spread of 
the backswamp clay, this may also have been concurrent with the depopulation. 
Following this there was then repopulation of the area (starting c. 4000 BP) which saw 
the establishment of numerous sites both on the previously deposited backswamp clay 
and on the still accumulating 'Upper Alluvium' in south and central areas of the fan, 
with quite high population densities being apparent by the Roman to Byzantine 
-, periods. Accumulation of 
the 'Upper Alluvium' appears to have continued, perhaps 
locally, until the establishment of large-scale irrigation projects on the I; ar*amba fan 
in 1912. A broad chronology of sedimentation across the different sectors of the fan 
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(central, peripheral and south of the sand ridge) is illustrated in Figure 7.6. Clearly 
during the Holocene there have been important changes both environmentally and in 
human terms, with the two being related. This is most evident in the later prehistoric 
population changes and mid-Holocene alluvial changes though the changes at the 
beginning of the Holocene are clearly of utmost importance. 
There are important implications for the development and spread of early agricultural 
communities to be made from this evidence both within this area and the wider 
region, allied with important climatic and environmental changes which occurred 
during the Holocene. The next and final chapter seeks to draw all of this information 
together and discuss this within the wider framework of Holocene environmental 
change and cultural development within the Near Eastern region as a whole, 
considering the environmental background to cultural change, the reasons for the 
establishment, expansion and spread of agricultural settlements, and subsequent 
human-environment relations. 
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CHAPTER EIGHT 
CONCLUSION 
8.1 Introduction 
The previous chapters have described in detail the geoarchaeological sequences 
recorded at a range of sites across the qarsamba fan, using a number of physical 
characteristics of sediments and subsequent numerical analyses. In chapter seven all 
of this information was brought together and a broad chronological model of Late 
Quaternary archaeo-alluvial sedimentation in the area established. An understanding 
of the sequence of deposition of lacustrine and alluvial materials, and the 
establishment of human settlement across the fan over the last c. 10,000 years has thus 
been gained. As a conclusion to this thesis it is necessary to take this information one 
step further and attempt to relate the data to the broader picture of environmental and 
cultural succession and change, and the implications this has, from the local area to 
the wider Near Eastern region. Such a concluding discussion could proceed along a 
multiplicity of differing subject paths, however, the concern here is with evidence for 
environmental change, cultural change and the interactions between the two. Once 
these have been established for this small area similar concerns can be addressed to 
the broader region, taking in the findings from a range of previous studies. 
As there is a broad two-fold division in the alluvial regimes represented across the 
I; ar*amba fan, observable patterns and implications can be considered in a broadly 
chronological order, i. e. what is implied by the data for the early Holocene, during 
backswamp clay accumulation up to c. 4400 BP, and what happened after this. Within 
these two broad time periods, there are a number of questions which must be asked, 
the answers to which can then be brought together to formulate the overall conclusion. 
8.2 The Backswamp Phase 
From the earliest Holocene, if not before (de Ridder, 1965; Inoue and Saito, 1997) it 
has been shown that the Car5amba river flowed northwards from its catchment in the 
Taurus mountains into the dry(ing) Konya lake basin where alluvial sediments were 
deposited over lake marl (and in certain areas, organic clay) deposits, forming a 
shallow sloping, fine-grained alluvial fan. Large areas of backswamp were formed 
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across the shallow sloping basin away from active river channels. This pattern 
continued for a period of perhaps 5000 years, with continued general desiccation of 
the region up to c. 7000 BP (Bottema and Woldring, 1984) and shallow lake re- 
advance after c-6700 BP (Erol, 1978), though none of these phases is evidenced by 
the analyses of alluvial sediments recorded here. Over this time the river, unconfined 
by any lateral boundaries formed a broad alluvial fan/plain, with different areas 
experiencing temporally different patterns of sedimentation within the overall 
sequence, in a time-transgressive manner. Within possibly only a few hundred years 
of the onset of alluvial deposition, human populations had begun to colonise the area 
of alluvial sedimentation with Qatalh6yUk being the earliest known and clearly the 
largest settlement in the area at this time. 
8.2.1 Site Location 
it was previously thought that (; atalh6yiik was established at the junction of two soil 
types, thus permitting the exploitation of two differing environments, Cohen (1970) 
having suggested that the current land surface was the same as that which prevailed 
during the Early Neolithic and therefore the one on which I; atalh6yiik was 
established. It has been shown, initially by Roberts (1980) and in more detail through 
the previous chapters herein, that the surface sediments are more recent than this and 
that the site was established on different earlier sediments subsequently buried by 
later alluviation. The boundary between soil types is therefore a modern one created 
where more recent alluviation is discontinuous and earlier sediments are extant 
beyond this as surface deposits. It had also been postulated prior to this work 
(Roberts, pers. comm. ) that in such a flat location and one as liable to flooding as that 
offered by a backswamp environment, human settlement could be expected to be 
established on morphologically raised features within the alluvial environment, such 
as river levdes, with their much coarser sediments than adjacent backswamps. Such 
has been the case in comparable environments (e. g. van Andel et al., 1995). Indeed 
such features would be expected given the apparent proximity of the mounds at 
(; atalh6ydk to former channels of the Qar4amba river. However, coring through 
archaeological deposits on the east mound and into the underlying alluvial sediments 
has shown the cultural levels to be situated directly on backswamp deposits. In 
addition to this pattern being observed in the three cores taken from I; atalh6yok east 
mound, at most other sites where settlement was established during the backswamp 
phase, cultural sediments also directly overlay backswamp clay, suggesting a general 
tendency for site establishment in areas of active alluviation and therefore a high 
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possibility of regular inundation. It may be that the observed pattern was a result of 
the sediment recovery techniques employed. A possible explanation for the observed 
pattern of settlements apparently being situated directly on active alluvial surfaces, is 
the location of cores. At all sites cores were taken from towards the periphery of the 
settlement in order that a manageable thickness of in situ archaeological deposits 
would be encountered prior to penetration of underlying sediments. Assuming the 
earliest deposits of any site to have been located close to the centre of that site this 
would suggest that at each site cored the earliest cultural deposits were not 
encountered. At each site the central origin may have been on a naturally raised area 
with only later lateral expansion of the site. Such a scenario could only be tested by 
time-consuming coring through the thickest central deposits of sites. However, that 
there was a preference for site establishment on morphologically raised areas has 
come from Dedeli H6yUk and Kuýlu H6yflk I where coring even of the periphery has 
shown the sites to have been located on a raised marl hummocks, and more 
importantly from Kuslu H6yfik II, where a section through the mound has given a 
more complete picture of a site located to exploit the protection offered by a slightly 
raised location (though one partly inundated by later alluvial deposition). 
However, the location of cores is probably an only one explanation for the lack of 
sites on raised, coarser deposits, there being a strong possibility from the pattern 
observed that either the benefits of siting within an active floodplain, such as access to 
rich natural resources, fertile soils etc. outweighed the drawbacks (see Brown, 1997, 
Chapter Seven, for a discussion of the positive and negative factors relating to the 
settlement of floodplains), or that there is some other explanation for the observed 
pattem. 
Siting of Neolithic settlements in such environments is not unknown. Recent work by 
Tjeerd van Andel and co-workers has looked at Early Neolithic settlements located 
within a similar environment to those on the I; ar*amba fan (van Andel et al, 1990, 
1995; van Andel and Runnels, 1995). Research into Early Neolithic magoules 
(mounds, cf. Turkish hbyUks) in floodplain environments in northern Greece showed 
that these were established in active floodplain environments as was apparent from 
sites on the Qarsamba fan. Van Andel and Runnels (1995) question Barker's (1985) 
assertion that such prehistoric societies could not have farmed wet floodplain 
environments and would only have been capable of tilling lighter, drier soils. They 
point to sites in the Larissa and Trikala basins in Thessaly (Plate 8.1), which coring 
had clearly shown to be established on alluvium and buried by it, and show that arable 
agriculture would have been quite conceivable on the coarser-grained alluvium 
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PLATE 8.1: Trikala Basin, Northern Greece, Looking South-West from Meteora 
of natural levees and overwash fans (though not on the heavier backswamp soils). 
Such findings are clearly of direct relevance to research on the environment of early 
agricultural societies in southern Anatolia. The importance of this is further borne out 
by van Andel and Runnels' suggestion that the farmers exploiting the Greek alluvium 
must have come from Anatolia, an argument they use as part of their demic diffusion 
model. What is important here, is that in northern Greece there existed a directly 
comparable pattern with that on the rar*amba fan. 
A second possibility is that because of the continual lateral movement of the river and 
a general continued drying of the area in the first three millennia of the Holocene, 
there would have been periods when flooding ceased in different areas. Thus at c. 9000 
BP the (; atalh6yiik area which had previously experienced regular seasonal flooding 
may have been dry enough to establish human settlement either because active 
channels of the river had moved a sufficient distance away to minimise the risk of 
flooding or that a drier period was being experienced than had been previously, which 
allowed settlement establishment relatively close to a river channel (and therefore the 
rich natural resources such an environment would provide) with a minimal risk of 
inundation from overbank flooding. Such dry periods are not, however, apparent from 
the sedimentary record at this time. What may be important here though is the 
structure of the site. The east mound appears to have been a nucleated site which built 
upwards rather than outwards and within a few generations a habitable area would 
have been created above the flood zone. Excavation of a trench to assess site 
formation processes in 1996, down the northern slope of the mound revealed a 
terrace-like structure of buildings in this area with the possibility of a 'wall' of houses 
acting as flood defence at the site perimeter. Core 94C revealed the possibility of a 
ditch around the site which may also have served as a flood protection measure. 
8.2.2 Resource Potential 
A major factor in colonisation of the Qar$amba fan was probably the resource 
potential offered to early agricultural societies. There are two broad hypotheses which 
may be put forward in this respect. It has been suggested that cultivation of cereals on 
heavy alluvial clay soils using tillage would not have been possible using the 
technology available during the Neolithic (Barker, 1985) and van Andel et al. (1990, 
1995) dismiss backswamp clay as an unsuitable substrate for cereal cultivation. With 
the possible exception of einkorn wheat (Triticum inonococcum) the Konya Plain is 
far removed from modern natural stands of the forerunners of the cereals recovered 
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from 1; atalh6yfik, which also include emmer wheat (T. dicoccunt), bread wheat (T. 
aestivum) and wild barley (Hordeum vulgare) (Hastorf and Near, 1997). These cereals 
are clearly cultivars removed from their native habitats and presumably grown in 
quantity relatively close to qatalh6yfik. Lighter soils may have been available 
upstream of Qatalhbyfik towards the foothills of the Taurus mountains, but surely then 
the site would have been located closer to such stands, given the high labour demands 
of cereal agriculture cultivation. The possibility of cereals being grown on the heavy 
backswamp clay must therefore be considered likely. Clearly, tillage of such a heavy 
material would be extremely difficult if not impossible using Neolithic technology, as 
Barker suggested. An alternative system, and one which has been discussed above 
(Chapter One) is the possibility of untilled cultivation using self-mulching soils. 
Limbrey (1990) has discussed the properties of self-mulching basaltic clay soils in the 
Zagros, upon which natural stands of wild wheats thrived and Wilkinson (1990) has 
described such soils in the Jazira region of Upper Mesopotamia close to where small 
agricultural settlements were established as early as the eighth millennium BP. The 
soils formed on the basaltic clay are vertisols. When damp, such material forms a 
heavy, almost impermeable mass, but as it dries so large cracks appear as the 
sediment mass shrinks. Looser material towards the top of the profile falls down these 
cracks and may be deposited at some depth. When the clay is wetted again it expands 
and so material is moved vertically up the profile as the cracks close up. There is thus 
a natural mixing or self-mulching of the sediment which ensures the fertility of the 
soil is maintained annually. Seed deposited on the surface of such a soil during drying 
will be subsumed by expanding cracks and transported to some depth, safe from 
predators, and with the onset of precipitation and soil mixing will start to grow. 
Although the backswamp clay of the Car*amba fan was deposited by entirely different 
processes from the formation of the basaltic clays of the Zagros, it is nevertheless a 
smectite-rich swelling clay with a high cation exchange capacity (Driessen and de 
Meester, 1969), similar in some respects to the conditions described by Limbrey 
(1990) for the development of self-mulching soils, and a sediment upon which 
vertisols may form. It is thus suggested that there is a possibility that cereals may have 
been cultivated in the damp environment around Catalh8ytik during the Neolithic, and 
although this will have required some modification of the natural growing pattern 
(clearly seed cannot be sown during periods of flooding during the wet winter 
months), the likelihood that varying cultivated species were growing in the immediate 
vicinity of Catalhbyiik, must be considered. 
Another possibility relating to the attractiveness of the (; ar5amba fan because of its 
resource potential is one with far-reaching implications for the nature of early 
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agricultural development. A growing body of evidence now suggests that one of the 
major contributing factors in the adoption of agriculture was the Younger Dryas 
(Moore and Hillman, 1992; Rossignol-S trick, 1995; Bottema, 1995) which for one 
reason or another (see Chapter One for discussion) led societies in the Fertile Crescent 
to begin deliberate cultivation of cereals. It had been assumed that the adoption of 
agriculture was concurrent with, and probably a cause of a move to sedentism 
amongst prehistoric societies. Recent evidence however (Nesbitt 1995a, 1995b; 
Rosenberg et aL, 1995), has increasingly shown that at sites in the northern Fertile 
Crescent sedentism preceded domestication. Thus agriculture need not necessarily be 
seen as a precondition for the adoption of sedentism, as hunter-gatherer societies were 
able to exploit a range of natural resources from a fixed base. Given this situation it 
follows that sedentism was thought desirable by such communities and that the 
preference among Early Neolithic societies was increasingly for a settled non- 
agricultural way of life, especially given the increase in labour demanded by 
agricultural production. Thus the adoption of cultivation and domestication should not 
necessarily be seen as a move from a hunter-gatherer to an agricultural economy but 
rather that agricultural practices were carried out to guarantee some food provision in 
the context of a continued exploitation of a broad spectrum resource base (Flannery, 
1969). Therefore communities migrating away from the Fertile Crescent would not 
necessarily just be looking for prime agricultural land, but environments in which a 
broad natural suite of resources could also be found. 
Qatalh6yUk was established in a backswamp environment close to an active river 
channel (and it can be suggested that other sites were established in similar locations, 
though adjacent to smaller distributaries and channels). This would have provided 
ample faunal and floral resources, the former both in the form of aquatic species and 
those drawn to the water source during drier periods. Contrary to Perkins' (1969) 
report, the cattle exploited by the Neolithic inhabitants of Qatalh8yfik were not clearly 
of domestic type (L. Martin, pers. comm. ) and hunting of such large fauna appears to 
have been an important method of resource exploitation. A regular water source 
would have been vital for basic domestic activities such as drinking and washing, and 
the river may also have provided an important means of communication and possibly 
trade with areas in the Taurus mountains to the south. Water would probably have 
been the most effective method of transporting wood to be used for building purposes 
to the site, even over short distances, and a number of the botanical species recorded 
from the ongoing excavations (J. Near, pers. comm. ) would have required clearly 
drier, better drained sediments for growth than those that were extant on the fan 
during the Neolithic as evidenced by this work. The ubiquitous hackberry (Celtis L. 
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sp. ), for example, ideally requires well-drained stony ground for growth (Near, pcrs. 
comm. ) and the wild pistachio (Pistacia spp. ) is today found, for example, growing in 
the stony foothills of the Karadag volcano to the east (A. Erkal, pers. comm. ). 
The environment provided by areas of backswamp could also have potentially played 
host to a whole range of exploitable wetland plants. That such an environment was 
extant around (; atalh6yiik during the Neolithic occupation is also evidenced by the 
botanical remains being recovered from ongoing excavations of the east mound. In 
addition to plant types such as cereals and pulses which were being exploited for 
consumption at the site, remains of a range of naturally occurring wetland plants have 
also been recovered (Hastorf, 1996). Although some of these may have been 
accidentally incorporated into deposits, others clearly have potential for a range of 
uses. A large number of remains of tubers have been recovered, and it has been 
suggested that these would have provided a potential food source (Hastorf and Near, 
1997). Furthermore, analysis of human remains from I; atalh6yijk has shown that the 
inhabitants' diet would have consisted more of meat and fleshy foodstuffs such as 
tubers rather than cultivated and processed cereals (Molleson et A, 1996). Remains of 
other wetland species such as bulrush (Scirpus L. sp. ), which could have been 
exploited as non-food resources, have also been recovered ( Hastorf and Near, 1997). 
It is therefore suggested, given the geoarchaeological and archaeobotanical evidence 
that (; atalh6yiik may not have been established on the rar*amba fan purely because 
of the agricultural potential, but because the environment of the fan afforded potential 
for cereal cultivation within the context of a broader natural resource base, which 
could support a large population. That Neolithic occupation of the east mound at 
qatalh6yiik persisted for up to 1500 years bears testament to this, which may also 
have implications for exploitation of wet environments elsewhere in the Near East and 
Mediterranean basin. Only with the advent of irrigation and more advanced tilling 
techniques might more intensive agriculture have been practised on the 1; arpmba fan, 
from the Chalcolithic onwards. 
8.2.3 ClimaticlEnvironmental Changes 
Evidence from a number of sources has suggested climatically-induced fluctuations in 
moisture and temperature levels 
during the period covered by the backswamp phase. 
Erol (1978) suggests that following a period of drying during the early Holocene, 
corresponding with Early 
Neolithic habitation in the area, there was limited lake re- 
231 
advance as a result of increased rainfall during the mid Holocene. Roberts (1982a) 
also points to the possibility of a period of more extensive flooding during the mid 
Holocene and draws a link between this and the apparent abandonment of settlement 
on the plain during the Middle Chalcolithic as suggested by French (1970), though 
more recent survey (Baird, 1997) suggests a change in settlement structure during this 
period rather than abandonment. Bottema and Woldring (1984) record an initial 
slightly moist period during the first one to two millennia of the Holocene, followed 
by dry conditions, and then a change back to moister, more swampy conditions during 
the mid-late Holocene as evidenced from Akg8I in the eastern Konya Basin. At 
Karapinar in the north-east Konya basin, Kuzucuoglu et aL (1997) also record dry 
conditions contemporary with Neolithic occupation, followed by mid Holocene lake 
advance. Evidence therefore points to similar general climatic/environmental 
fluctuations throughout the Konya basin during the period covered by the backswamp 
phase on the I; ar*amba fan, i. e. following an initial damp period generally drier 
conditions pertained during the Later Neolithic and Early Chalcolithic (c. 9000 - 7000 
BP), followed by a change to moister conditions accompanied by limited lake re- 
advances in secondary depressions from the Middle to Later Chalcolithic (c. 6700 BP 
onwards). Although this pattern is attested at a number of sites throughout the Konya 
basin, there is no clear evidence from the sequences analysed here to support the 
earlier findings. The evidence may not be apparent from the I; ar*amba alluvial 
deposits because of the continuously changing nature of alluvial deposition. Unless 
there is continuous deposition at one point which can be recorded stratigraphically, or 
if there is a complete change in alluvial regime (see below) then fluctuations between 
drier and moister periods will not be obvious from the sequences studied as each 
effectively only records a portion of the Holocene alluvial stratigraphic record. What 
is apparent from the cores and sections studied, however, is that there does appear to 
have been a more or less continual deposition of alluvial material throughout, the 
backswamp phase, though this was spatially and temporally variable. For sites such as 
qatalh6y0k which were clearly established on backswamp deposits and subsequently 
inundated by similar materials, regular flooding of the surrounding area must have 
occurred contemporary with site occupation. Later Neolithic sites may have been 
established during a drier phase but from the Middle Chalcolithic there would again 
have been regular flooding. 
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8.3 The Upper Alluvial Phase 
At the latest, backswamp accumulation appears to have continued until about 4400 
BP toward the margins of the Qarsamba fan, having ceased possibly as much as two 
millennia before this in more central parts of the fan (c. 6600 BP in section 94PC I at 
Qatalh6yfik). In the more peripheral areas there was a slight change in the nature of 
alluvial deposition before it ceased (an intermediate alluvium, see above, Chapter 
Seven), however in the more central areas there was a clear hiatus before alluviation 
quite different from that which had ceased pre - c. 6600 BP, recommenced in this 
sector c. 4000 BP. Material deposited after this date, whilst still a fine-grained 
alluvium, had a higher silt and sand content than the heavy, swelling backswamp clay 
deposited previously. It was also a different colour, appearing quite reddish and 
oxidised, and exhibiting much stronger magnetic characteristics than the earlier 
deposit. A quite dramatic environmental change appears to have taken place to cause 
such an alteration in the alluvial regime. The factors seen as being responsible for this 
are human impact and climatic change, or some combination of the two. 
8.3.1 Human Impact 
A major cause of such a major change in alluvial regime may have been human 
impact as a result of increased population and therefore pressure on the environment. 
Significant population increases have been recorded throughout the Near East during 
the Early Bronze Age, and the Konya basin is no exception with the surveys of French 
(1970) and Baird (1995,1996,1997) pointing to a massive increase in the number of 
sites of this period (c. 5000 - 4400 BP) compared with the preceding millennia. Not 
only was there an increase in population in the Konya basin but presumably also in 
the Taurus mountains to the south, and importantly within the catchment of the 
r, ar§amba river. Such increased populations will have meant increased pressure on 
land resources for the growing of dryland crop plants to feed the population. There 
may thus have been widespread forest clearance at this time to make way for 
agricultural land and livestock rearing, along with the use of timber for construction 
and fuel. This would not have been without environmental consequences, particularly 
the effect this would have had on land degradation without proper management. 
Deforestation therefore led directly to soil erosion, the products from this ultimately 
being carried away by the rivers draining the Taurus. One possible cause of the shift 
in alluvial pattern is therefore the input of eroded topsoil into the (; ar*amba system. 
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As this would have consisted of a significant topsoil element, coarser, more oxidised 
sediment with a raised magnetic susceptibility would be expected to contribute to 
material carried and therefore deposited by the river. 
However, at the time that there was population expansion on the I; ar*amba fan the 
sediment deposited still appears to have been of the heavy swelling backswamp clay 
between river channels and this appears to have continued throughout most of the 
Early Bronze Age I- II (c. 5000 - 4400 BP). It is only after this that alluvial deposition 
on the fan changes, during the later Early Bronze Age (EBA 111, c. 4400 - 4000 BP). It 
is also during this period that there is a dramatic depopulation of the fan, possibly for 
environmental reasons, and perhaps as a result of drought on the fan. It may be that 
agriculturalists from the fan, and presumably those from other alluvial fans along the 
southern edge of the Konya basin moved into the better watered lands of the Taurus, 
and it was this which caused pressure on land resources and a need for widespread 
deforestation rather than the earlier population changes. This scenario is supported by 
the pollen evidence (Bottema and Woldring, 1984) which gives no indication of 
widespread and sustained forest clearance during the Early Bronze Age, but which 
does include evidence of the Beyýehir Occupation phase. This was a period first 
recognised in a core from Lake Bey5ehir (van Zeist et al., 1975) and was subsequently 
recognised elsewhere (Bottema, 1993), which showed evidence of forest clearance 
and the appearance of trees such as olive (Olea europa) and sweet chestnut (Castanea 
sativa), indicative of horticulture. The onset of this phase 
is dated to c. 3100 - 3200 BP 
(uncal. 14C) (Bottema, 1993) or c. 3400 - 3500 BP (cal. ) and therefore of a date closely 
corresponding with (though shortly after) the apparent depopulation of the I; ar*amba 
fan and a change in alluvial regime. The possibility of a dense population centred on 
the plains during the Early Bronze Age and only moving into more mountainous areas 
during a later period of possible environmental stress is thus likely, with a general 
correlation between the onset of 
'Upper Alluvium' and the Beyýehir Occupation phase 
being apparent. Reconnaissance in the foothills of the Taurus mountains, along the 
(; ar*amba catchment in the summer of 
1997 revealed a number of locations including 
a small basin, where 
future fieldwork may open the possibilities of tracing the 'Upper 
Alluvium' and clarifying the human impact on sedimentation in this area at this time. 
Indeed human impact through deforestation and/or agricultural practices during later 
prehistoric periods has 
been recorded elsewhere around the Mediterranean basin. Van 
Andel et al. (1986,1990) for example, discuss erosion caused by agricultural practices 
in Northern Greece at this time, and continuing 
into the historic period, whilst James 
and Chester (1995) report eroded catchment topsoils 
in valley fills, caused by human 
disturbance over the last 3000 years in the Algarve, Portugal. 
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Although this is the most likely scenario, i. e. the cessation of the backswamp phase in 
the later Early Bronze Age followed by the 'Upper Alluvium' regime at about 4000 
BP, a note of caution should be sounded here. If it is assumed that the OSL date for 
the base of the 'Upper Alluvium' at Qatalh6y0k is correct then this phase may have 
commenced as early as c. 5500 BP, i. e. before the Bronze Age. Evidence from three of 
the sites studied could potentially be used in resolving this issue. The first of these, 
OrOmdu H6yiik is so anomalous as to be of no use in this respect. However the 
sequences at Avratham H6y0k and Kizil H6yiik I are more useful. In this scenario the 
Avratham Alluvium (which appears not only at the type site but apparently also at 
Dedeli Hbyiik and Kizil H6y0k I) may be seen as a lateral equivalent of the 'Upper 
Alluvium' in a lower-lying area prone to flooding, rather than being an equivalent 
deposit to the 'Lower Alluvium' as previously suggested. Statistically the Avrathant 
Alluvium at the type-site forms a group on its own rather than being inseparable from 
the 'Lower Alluvium' and so it could be argued that it actually corresponds with the 
upper rather than lower alluvial deposit. At Kizil My& I there are apparently two 
subtly different alluvial units both in core and section, the upper of which is 
statistically similar to the Avrathani Alluvium. This occurs below cultural layers 
assumed to be Early Bronze Age in date and therefore if the Avratham Alluvium were 
- contemporary with the 'Upper Alluvium, would also suggest a pre-Bronze Age date 
for this deposit. This possibility is far less likely than the preferred scenario of a later 
Bronze Age date for the onset of the 'Upper Alluvium', but should nevertheless be 
mentioned. 
8.3.2 Environmental Factors 
As discussed above, human induced changes in alluvial regime may have been forced 
by natural phenomena. Roberts (1982a) when discussing the broad alluvial types in 
the Catalh6yiik area suggests that the rar5amba Alluvium ('Upper Alluvium') was 
deposited in a drier period from that of the underlying backswamp clay. However, 
rather than being a direct result of a drying climate as implied, it appears, if this 
hypothesis is correct, that the effect of the drying climate was indirect i. e. desiccation 
forced population changes, the actions of which ultimately may have led to a change 
in catchment erosion and hence in alluvial deposition. Also, once instigated this 
c hanged alluvial regime appears to have remained in place, as deposition of the 
I 
Upper Alluvium' continues beyond any fifth millennium BP dry spell through 
subsequent moister phases and periods when populations had returned to the soils of 
the alluvial fans, from the Iron Age (c. 3200 BP) onwards. A continued human impact 
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on the environment therefore appears to have persisted throughout the Holocene, 
indeed van Andel et A (1986) record soil erosion related to human land-use over a 
period of five millennia in northern Greece. 
A second environmental factor which has been suggested as being responsible for the 
change in alluvial deposition, relates to changes in the effective catchment of the 
(; ar$ amba river. The catchment of this river is only c. 1720 kM2, however it has been 
suggested that during wetter periods in the past, overflows from the Beysehir and 
Sugla basins in the Taurus may have entered the (; ar5amba catchment and the 
sediments thus carried been deposited in the Konya basin. Roberts (1980) in 
reassessing work by de Ridder (1965) and carrying out his own heavy minerals 
analysis showed that modern I; arsamba sediments contained very similar mineral 
groupings to 
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sediments from lake Beysehir, not surprising since the Qarýamba has 
received regular discharges from Bey5ehir since installation of the irrigation scheme 
in 1912. Similarly it may be expected that during wetter periods in the past, prior to 
modem irrigation schemes, increased precipitation in the Taurus may be reflected by 
raised lake levels and overflow from lake Bey$ehir into the I; ar*amba catchment. 
What is potentially important here is that the I; ar$amba catchment drains a limestone 
area of the Taurus, whereas the larger Bey$ehir catchment consists of some volcanic 
geology, changes in catchment source of sediment possibly affecting the physical 
properties such as magnetic susceptibility of Qarsamba fan sediments. Simplifying 
this model, one may expect to see some correlation between increased wetness, basin 
overflow and change in deposition of alluvial material, though the evidence above 
clearly suggests a major change in a drier period rather than a wetter one. 
Kuzucuoglu et al. (1997) suggest that evidence from Karapinar points to another lake 
transgression there at about the third millennium BP, though this has not been 
radjornetrically dated. If this is the correct date then it would correlate with an implied 
population increase on the I; ar*amba fan during the Iron Age (c. 3200 - 2300 BP). 
(Baird, pers. comm. ). Although such a phase is not attested directly by data from the 
current geoarchaeological analysis, two observations have been made which suggest 
some change during the 'Upper Alluvium' regime. Firstly at Musalar My& a narrow 
horizontal band of apparently carbonate-rich material was located in the middle of the 
, Upper Alluvium', suggesting some possible break in deposition, and secondly in the 
summer of 1998 a ditch section at the eastern edge of the west mound at (; atalh6yflk 
revealed what was effectively two broad phases of 'Upper Alluvium' deposition 
separated by a thick deposit of colluvial material from the mound. Whether this 
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represents a simple broad interdigitation of deposits or whether a real environmental 
change is represented requires further analysis of the sediments. 
8.4 Late Quaternary Environmental Change and Cultural Adaptation 
Broad climatic sequences for the Konya basin during the terminal Pleistocene and 
Holocene have previously been discussed, utilizing evidence from a number of 
locations throughout the basin (Erol, 1978; Roberts, 1980,1982b; Bottema and 
Woldring, 1984; KuzucuoAlu et aL, 1997). Broadly speaking this evidence points to a 
sequence starting with the drying up of palaeolake Konya during the terminal 
Pleistocene, with the early Holocene initially being slightly moist, followed by a 
period of desiccation, though clearly certain areas remained wet during much of this 
period. There was then a change to moister conditions during the mid Holocene after 
c. 6700 BP, with limited transgression of lake waters in the secondary depressions at 
this time. At about the fifth millennium BP there was a return to drier conditions and 
consequent lake regression. Following this, probably in the third millennium there 
was another moister period which saw the final rise in lake levels in the basin. Since 
this period there has been a steady desiccation of the basin which has become most 
dramatic in recent years with intense agricultural and irrigation systems being 
responsible for the total drying up of secondary lakes and massive lowering of the 
water table. These environmental changes can be related to the cultural sequence in 
the area, which has partly been attested by survey work in the western Konya basin 
(French, 1970; Baird, 1995,1996,1997). The slightly moist climate at the beginning 
of the Holocene corresponds with the earliest settlements of Early Neolithic societies 
in the basin, exploiting the newly available resources of the well-watered alluvial 
fans/plains formed on the dry lake bed, followed by a drier climate in the later 
Neolithic. The return to moister conditions which followed this corresponded with the 
Middle to Later Chalcolithic during which there was a gradual expansion of 
agriculture, this showing a dramatic increase in the Early Bronze Age, c. 5000 - 4400 
BP. At some point during the fifth millennium a further desiccation of the area 
appears to have had a dramatic effect on populations of the basin, and certainly on the 
Qar5amba fan there was an apparent abandonment in the later Early Bronze Age with 
populations moving into the foothills of the Taurus mountains and beyond. The next 
millennium witnessed little human activity in the basin, but in the third millennium 
the increasingly moist climate coincided with high levels of cultural activity in the 
basin beginning in the Iron Age and increasing through the Hellenistic, Roman and 
Byzantine periods. How then does this sequence and the more detailed findings from 
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geoarchaeological research on the Carsamba fan relate to the wider picture of Late 
Quaternary environmental change and cultural development in the region of the Near 
East and eastern Mediterranean basin? 
8.5 Near Eastern Late Quaternary Environmental Change 
The general environmental conditions prevailing throughout the late Quaternary in 
Central Anatolia have been quite well established from the palynological evidence 
(Bottema and Woldring, 1984) and this has been broadly related to the wider eastern 
Mediterranean/Near Eastern region (Bottema, 1987; van Zeist and Bottema, 1982) so 
that the sequence from Anatolia has been broadly correlated with that from the wider 
region, although further research is clearly needed to complete the picture. Similarly 
the dating of the major archaeological sites of south-central Anatolia has been 
established so that sites such as Hacilar (Mellaart, 1970), Can Hasan (French, 1962 - 
8,1998), Aýikli H6yfik (Esin, 1991,1996), Okiizini (Yalqinkaya, 1996) and 
Qatalh6yilk (Mellaart, 1967; Todd, 1976) can be placed within the overall cultural 
chronology of the Near East, though again further work is still needed to elucidate the 
nature of the westward movement of early agricultural development from sites in 
south-eastern Anatolia such as Hallan I; emi (Rosenberg et al, 1995) and Cay6nii 
((; ambel and Braidwood, 1970). These two general types of approach have allowed 
the development of broad (if incomplete) models of environmental change and 
cultural development at the Pleistocene/Holocene transition. The work in this thesis 
has taken a slightly different approach and has looked at environmental change and 
related cultural activity during this and following periods in a small (but important) 
part of south-central Anatolia from a geoarchaeological perspective. That is, rather 
than identifying climatic change from proxy (pollen) data or cultural development 
from material typologies, this approach has concentrated on the study of the 
sediments deposited as a result of environmental factors, which have provided 
resource potential for a succession of cultural groups since the terminal Pleistocene/ 
early Holocene. In order to place this work within the broader picture it is therefore 
necessary to consider a wider application of geoarchaeological techniques in the wider 
Near Eastern/eastern Mediterranean region. Sadly such approaches have not been 
carried out with the same intensity as archaeological excavation and palynological 
research, possibly because of the relatively recent development of techniques and 
their application in the Mediterranean/Near Eastern context. 
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The first approach of this kind in this part of the world came with the work of Claudio 
Vita-Finzi in the late 1960s (Vita-Finzi, 1969), and has been discussed above (Chapter 
Two). Superficially some correlation may be seen with the two broad phases of 
alluviation recorded on the Qarpmba fan but these are clearly different, both phases 
being of a Holocene date. It also appears that the 'Upper Alluvium' deposition was at 
least partly anthropogenically caused. A criticism levelled at Vita-Finzi by Wagstaff 
(1981) for example, being the suggestion by the former that the deposition of the 
Older and Younger fills was climatically induced, whereas the latter cited the 
involvement of human factors in the deposition of the Younger Fill. Thus, whilst 
providing the first geoarchaeological explanation of Mediterranean sedimentary 
sequences, Vita-Finzi's model is too simplistic and not really comparable with the 
findings of the current research. 
Other geoarchaeological research has taken place in the Near East and around the 
Mediterranean basin though this has tended to be in differing environments from the 
current research (e. g. Evenari et al., 1982; Barker et al., 1996) and so comparison 
with these types of studies is not always simple, or indeed fruitful. In other cases 
geoarchaeological research has been carried out at early agricultural sites in alluvial 
environments. Wilkinson (1990) has looked at soil development and land use at sites 
as early as the eighth millennium BP in the Jazira region of Northern Mesopotamia. 
It has been suggested above that backswamp soils may have been used for non-tilled 
agriculture, though van Andel and Runnels (1995) and van Andel et al. (1995) still 
dismiss this type of sediment as only suitable for grazing during thý Neolithic. It is 
however still possible to relate the model from Thessaly to southern Anatolia. It has 
been suggested that cereal crops would have been grown on the coarser lev6e and 
outwash fan deposits close to former river channels and therefore probably in 
moderately small stands. With the exception of obvious fluvial deposits, these types 
of sediment were absent from the cores and sections across the I; arsamba fan and so 
the suggestion of backswamp exploitation has been raised. However it is quite likely 
that patches of coarser sediment were extant during the Neolithic, and indeed 
exploited for cereal cultivation, the limited coverage of the coring programme not yet 
having picked up such sediments. This would mean that the wetter backswamp areas 
would provide other, wild faunal and botanical resources. By slightly modifying the 
assertions of van Andel and his co-workers for the cultivation of cereals in northern 
Greece, and applying these to South Central Anatolia, using the sedimentary, faunal 
and archaeobotanical record from qatalh6yflk as further evidence it is possible to 
more firmly define the role of Catalh6yUk within its environment. 
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8.6 General Conclusion 
This thesis set out to analyse the alluvial geoarchaeological sequence in an 
archaeologically very rich and important area of South Central Anatolia. This is an 
area where sites crucial to our understanding of the development and spread of the 
earliest agricultural practices from the Near East to Europe are located. The aims of 
the research were not just to elucidate environmental change from sedimentary 
evidence in a small area of southern Turkey but to consider this change both within a 
temporal framework and in the context of the implications for early agricultural 
settlement in this area and the wider Near East in general. 
The thesis began with a review of agricultural origins in the Near East, the study area 
and the type of approach to be taken in research in order to provide a number of 
themes against which the research could be set. An approach was adopted which 
allowed the analysis of a large volume of sediment samples from a number of 
locations, covering a range of dates in order that a detailed Holocene archaeo-alluvial 
sequence could be established for the finite area of the (; ar*amba fan in the Konya 
basin of South Central Anatolia. This has been broadly successful and such a 
sequence has been established which has enabled an understanding of the chronology 
of sedimentation in the area throughout much of the Holocene, and the relation of this 
to the cultural settlement sequence in the area. At the local scale a blueprint has been 
drawn up to enable a clearer understanding for both archaeological and 
geornorphological work in the area in future. The nature of settlement established in 
active alluvial zones and subsequent burial of cultural deposits by continuing 
alluviation has been made clear, and the spatial and temporal variations have also 
been explained. In particular this work has been useful in establishing an 
environmental context within which to place ongoing archaeological research at 
1; atalh8yUk, and archaeological survey across the 1; aqamba fan. The nature of the 
physical environment implied from the research in particular has furthered an 
understanding of the potential natural resource base available to inhabitants of the 
region, not only in the Neolithic when the fan was first settled, but also through 
prehistory. Evidence for dramatic environmental change in the later Early Bronze Age 
has implications for both environmental effects on human populations and vice versa, 
and is contemporary with climatic and cultural factors which saw the downfall of a 
number of Near Eastern civilizations at this time. 
On a broader footing, this research can be related to wider aspects of environmental 
change in Anatolia and the Near East, and other geoarchaeological research in this 
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broader area. Environmentally this geoarchaeological work provides more detail of 
alluvial resources within a given area, and thus complements evidence from pollen 
analysis. Geoarchaeologically this work can be related to patterns in other alluvial 
environments, a comparison with Neolithic settlement on Thessalian alluvial plains 
being particularly interesting here, though more research of thi s type and across a 
wider area is still needed to allow for a more integrated geoarchaeological 
understanding of environmental change in the Near East in the early to mid Holocene. 
Thus the thesis has shown how a geoarchaeological approach to late Quaternary 
environmental change can be employed within a given area to explain both the 
sequences in that area and the environmental implications. Such an approach may 
cover a broad temporal range, as has been demonstrated here, and as this research has 
been carried out in an drea of importance for research into early agricultural 
development it has been possible to place the findings within the broader context of 
the spread of early agriculture across the Near East set against the environmental 
background and preferences of the early agricultural societies involved. 
The four broad objectives of the thesis have been met and the basis for the 
possibilities of future work has been established. The nature of the current work 
dictates that evidence has been considered primarily from alluvial sediments, though 
in geoarchaeological sequences, and conclusions therefore relate to archaeo-alluvial 
and environmental questions. However, the data recovered should also contribute to 
answering further questions. These may include extending sediment sampling up into 
the I; ar$amba catchment and relating deposits from here to those on the fan, 
particularly in the light of the major changes in alluvial regime which must have 
originated in the catchment. An important factor here, and one which has not been 
discussed in the thesis partly because of a lack of survey and analysis of catchment 
deposits, is the possibility of sediment storage in the upper and middle reaches of the 
i; ar*amba river which may have controlled the amount of material reaching the fan at 
certain times in the past. During collection of catchment samples in 1997 at least one 
large area of alluvial deposition was noted in the Qarsamba catchment in the foothills 
of the Taurus to the south of the Konya plain, and is an area where further research is 
desirable. 
Analysis of the physical sedimentary characteristics of mudbricks from prehistoric 
mounds and comparison with recovered sediments should also allow the recognition 
of sources of this building material and give some indication of the natural 
sedimentary resources available to prehistoric populations. The current work has 
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primarily considered unconsolidated sediments, but suitable exposures have been 
located where it may be possible to recover buried land surfaces and therefore develop 
a greater understanding of past soil-forming characteristics and soil resources 
available to early agriculturalists. Soil geo-chemical analysis may also be employed to 
gain a greater understanding of agricultural practices. Furthermore, future analysis of 
site-edge deposits should permit the identification of site-formation processes and the 
relationship between colluvial and alluvial sediments. Thus whilst being important in 
itself, the current work has also opened up a number of possible future avenues of 
research. 
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APPENDIX 1: Munsell Colours of All Sediments 
Iýatalhiiyiik Core 94B 
Elevation (m. a. m. s. l. ) Munsell Colour 
1003.38 - 1002.72 N/A 
1002.72 - 1002.54 N/A 
1002.54 - 1002.11 10YR 3/3 
1002.11 - 1001.71 2.5Y 3/2 
1001.42 - 1000.99 10YR 3/2 
1000.99 - 1000.52 10YR 3/2 
1000.52 - 1000.38 2.5Y 6/2 
1000.38 - 999.88 2.5Y 7/2 
Catalh6yiik Section 95PC1 
Elevation (m. a. m. s. l. ) Munsell Colour 
1003.96 - 1002.68 10YR 514 
1002.68 - 1001.15 10YR 3/3 
1001.15 - 1000.86 2.5Y 4/2 
1000.86 - 1000.56 5Y 6/2 
(; atalhByiik Section 95PC2 
Elcvation (m. a. m. s. l. ) 
1001.64 - 999.65 
999.65 - 999.05 
999.05 - 998.85 
998.85 - 998.45 998.45 - 998.30 
998.30 - 998.25 
998.25 - 998.09 
998.09 - 997.99 
Munsell Colour 
2.5Y 4/2 
5Y 5/2 
2.5Y 412 
2.5Y 4/2 
2.5Y 4/2 
5Y 4/2 
2.5Y 4/2 
2.5Y 4/2 
Iýatalh6yfik Core 95E 
Elevation (m. a. m. s. l. ) 
1003.25- 1002.65 
1002.65- 1002.43 
1002.43- 1002.08 
1002.08- 1001.96 
1001.96 - 1001.85 
1001.85 - 1001.71 
1001.71- 1001.53 
1001.53- 1001.19 
1001.19 - 1001.04 
1001.04 - 1000.86 
Munsell Colour 
I OYR 513 
2.5Y 5/4 
2.5Y 5/4 
10YR 513 
1 OYR 513 
N/A 
2.5Y 514 
N/A 
10YR 3/3 
10YR 3/1 
iQatalh6yiik Core 9SE (cont. ) 
Elevation (m. a. m. s. l. ) 
1000.86 - 1000.66 
1000.66- 1000.61 
1000.61- 1000.57 
1000.57- 1000.45 
1000.45 - 1000.40 
1000.40 - 1000.27 
1000.27 - 999.95 
999.95 - 999.49 
999.41 - 999.30 
999.30 - 999.15 
999.15 - 999.11 
999.09 - 998.99 
998.99 - 998.79 
998.79 - 998.76 
998.76 - 998.57 
998.57 - 998.52 
998.52 - 998.53 
998.53 - 998.45 
998.45 - 998.25 
998.25 - 997.81 
997.81 - 997.67 
997.65 - 997.35 
997.35 - 997.05 
Munsell Colour 
10YR 3/3 
10YR 3/1 
7.5YR 4/2 
10YR 3/2 
2.5Y 3/2 
2.5Y 3/2 
1 OYR 4/2 
2.5Y 4/2 
2.5Y 4/2 
N/A 
I OYR 4/2 
2.5Y 4/2 
1 OYR 4/2 
N/A 
2.5Y 4/2 
N/A 
10YR 3/2 
5Y 5/2 
N/A 
5Y 5/2 
2.5Y 6/2 
N/A 
5Y 5/2 
Catalh6. viik Core 95F 
Elcvation (m. a. m. s. l. ) 
1003.18- 1002.68 
1002.68- 1002.38 
1002.38 - 1001.49 
1001.49 - 1001.38 
1001.38- 1001.08 
1001.08 - 1000.93 
1000.93 - 1000.73 
1000.73 - 1000.40 
1000.38- 1000.29 
1000.29- 1000.22 
1000.22 - 1000.17 
1000.17 - 1000.12 
1000.12 - 1000.07 
1000.07 - 1000.01 
1000.01 - 999.95 
999.95 - 999.88 
999.88 - 999.67 
Munsell Colour 
10YR 4/4 
1 OYR 4/3 
1 OYR 4/3 
1 OYR 4/3 
2.5Y 4/4 
N/A 
IOYR 4/4 
10YR 3/4 
2.5Y 3/2 
IOYR 3/1 
2.5Y N2/ 
10YR 3/1 
2.5Y 312 
1 OYR 2/1 
10YR 3/1 
2.5Y N2/ 
10YR 3/1 
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Iýatalh6yiik Core 95F (cont. ) Iýatalh6yiik Core 94A (cont. ) 
Elevation (m. a. m. s. l. ) Munsell Colour Elevation (m. a. m. s. l. ) Munsell Colour 
999.67 - 999.62 5Y 3/1 1000.56 - 1000.52 IOYR 3/1 
999.62 - 999.38 2.5Y N31 1000.52 - 1000.46 10YR 3/1 
999.38 - 998.99 10YR 3/1 1000.46 - 1000.41 10YR 3/1 
998.99 - 998.85 N/A 1000.41 - 1000.26 10YR 3/1 
998.85 - 998.58 2.5Y 4/2 1000.21 - 1000.15 2.5Y 4/2 
998.58 - 998.04 10YR 3/1 1000-08 - 1000.03 2.5Y 6/2 
998.03 - 997.98 5Y 6/2 1000.03 - 999.99 2.5Y 5/2 
997.98 - 997.77 2.5Y 5/2 999.99 - 999.94 2.5Y 6/2 
997.99 - 996.38 5Y 5/2 999.94 - 999.89 2.5Y 6/2 
999.89 - 999.84 2.5Y 6/2 
999.84 - 999.79 2.5Y 6/2 
Catalh; i. viik Core 94A 999.79 - 999.74 2.5Y 5/2 999.74 - 999.69 2.5Y 5/2 
Elevation (m. a. m. s. l. ) Munsell Colour 999.69 - 999.64 2.5Y 5/2 
1005.10 - 1004.10 N/A 999.64 - 999.58 2.5Y 5/2 
1004.10 - 1004.08 2.5Y 3/2 999.58 - 999.50 10YR 3/1 
1004.08 - 1003.97 2.5Y 3/2 999.50 - 999.35 5Y 6/3 
1003.97 - 1003.91 10YR 4/1 999.35 - 999.18 5Y 7/3 
1003.91 - 1003.77 10YR 4/2 999.01 - 998.81 5Y 8/2 
1003.77 - 1003.69 10YR 3/2 998.81 - 998.71 2.5Y 7/2 
1003.69 - 1003.64 2.5Y 6/2 998.71 - 998.56 5Y 7/3 
1003.64- 1003.58 10YR 3/2 998.56 - 998.36 2.5Y 7/2 
1003.58 - 1003.54 10YR 3/1 998.36 - 998.24 5Y 7/2 
1003.54- 1003.49 2.5Y 4/2 998.24 - 998.09 5Y 812 
1003.49- 1003.47 2.5Y 5/2 
1003.47 - 1003.42 2.5Y 4/2 
1003.42 - 1003.37 2.5Y 5/2 Catalhdyfik Core 94D 
1003.37- 1003.16 2.5Y 5/2 
1003.16- 1003.10 N/A Elevation (m. a. m. s. l. ) Munsell Colour 
1003.08 - 1002.99 2.5Y 3/2 1006.49 - 1005.73 N/A 
1002.99 - 1002.93 2.5Y 4/2 1005.73- 1005.49 10YR 3/1 1002.93 - 1002.86 2.5Y 4/2 1005.49 - 1005.44 N/A 
1002.86 - 1002.82 5Y 7/2 1005.44- 1005.02 10YR 3/2 
1002.82 - 1002.77 2.5Y 4/2 1004.89- 1004.42 5Y 2.5/1 
1002.77 - 1002.63 5Y 5/2 1004.42 - 1004.32 N/A 
1002.63 - 1002.48 2.5Y 3/2 1004.26 - 1003.60 10YR 3/2 
1002.48 - 1002.44 N/A 1003.60 - 1003.10 IOYR 3/2 
1002.44 - 1002.16 2.5Y 5/2 1003.10 - 1002.70 N/A 
1002.10 - 1001.88 2.5Y 4/2 1002.70 - 1002.50 10YR 3/1 
1001.88 - 1001.68 2.5Y 4/2 1002.50 - 1002.04 N/A 
1001.68 - 1001.49 10YR 5/3 1002.04 - 1001.96 10YR 3/1 
1001.49 - 1001.47 N/A 1001.96 - 1001.84 10YR 3/1 
1001.47 - 1001.42 2.5Y 4/2 1001.84 - 1001.74 N/A 
1001.42 - 1001.29 2.5Y 4/2 1001.74 - 1001.49 5Y 5/2 
1001.29 - 1001.14 2.5Y 5/2 1001.49 - 1001.34 2.5Y 4/2 
1001.04 - 1000.96 10YR 3/2 1001.34 - 1001.20 2.5Y 4/2 
1000.96 - 1000.92 2.5Y 4/2 1001.20 - 1000.88 2.5Y 4/2 
1000.92 - 1000.75 2.5Y 3/2 1000.88 - 1000.49 2.5Y 3/2 
1000.75 - 1000.69 IOYR 3/1 1000.49 - 999.88 2.5Y 4/2 
1000.69 - 1000.56 1 OYR 4/1 999.69 - 999.62 2.5Y N2/ 
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4ýatalh6yiik Core 94D (cont. ) 
Elevation (m. a. m. s. l. ) 
999.59 - 999.45 
999.45 - 999.36 
999.36 - 999.16 
Munsell Colour 
5Y 6/3 
5Y 6/3 
5Y 7/3 
Catalhiiyiik Core 94C 
Elevation (m. a. m. s. l. ) 
1004.59 - 1004.20 
1004.20 - 1003.20 
1003.02- 1002.55 
1002.55- 1002.20 
1002.12- 1001-95 
1001.95 - 1001.71 
1001.71 - 1001.48 
1001.48 - 1001.20 
1001.17 - 1000.56 
1000.56 - 1000.08 
1000.08 - 999.32 
999.32 - 999.30 
999.30 - 998.76 
Munsell Colour 
N/A 
10YR 3/2 
N/A 
10YR 3/2 
N/A 
10YR 3/2 
10YR 3/2 
10YR 3/3 
1 OYR 4/3 
10YR 3/1 
10YR 3/1 
N/A 
5Y 5/3 
Catalhbyiik Core CH96W 
Elevation (m. a. m. s. l. ) Munsell Colour 
1005.56 - 1005.31 2.5Y 4/2 
1002.31 - 1005.11 2.5Y 3/2 
1005.11 - 1004.86 2.5Y 4/2 
1004.86 - 1004.56 2.5Y 3/2 
1004.49 - 1004.31 2.5Y 3/2 
1004.31 - 1003.96 2.5Y 3/2 
1003.96 - 1003.56 2.5Y 3/2 
1003.50 - 1003.32 2.5Y 4/2 
1003.32- 1003.27 2.5Y 5/2 
1003.27 - 1003.18 10YR 3/2 
1003.18 - 1003.11 10YR 3/2 
1003.11 - 1002.96 10YR 3/2 
1002.96 - 1002.82 10YR 3/2 
1002.82 - 1002.76 10YR 3/2 
1002.76 - 1002.67 2.5Y 4/2 
1002.67 - 1002.62 2.5Y 3/2 
1002.41 - 1002.30 2.5Y 3/2 
1002.30 - 1002.06 10YR 2/1 
1002.06 - 1001.86 2.5Y 3/2 
1001.86 - 1001.76 2.5Y 3/2 
1001.76 - 1001.56 2.5Y N2/ 
1001.56 - 1001.26 2.5Y N2/ 
1001.26 - 1001.19 5Y 4/2 
Iýatalh5yiik Core C1196W (cont. ) 
Elevation (m. a. m. s. l. ) 
1001.19- 1001.18 
1001.18 - 1001.13 
1001.13 - 1001.09 
1001.09 - 1001.04 
1001.04 - 1001.00 
1001-00 - 1000.59 1000.44 - 1000.18 
1000.09 - 999.80 
999.80 - 999.53 
999.46 - 999.32 
999.32 - 998.61 
998.53 - 998.35 
998.35 - 998.29 
998.29 - 998.21 
998.21 - 997.83 
997.83 - 997.56 
Munsell Colour 
5Y 3/2 
5Y 412 
5Y 3/2 
5Y 4/2 
5Y 3/2 
5Y 4/2 
5Y 4/2 
2.5Y 3/2 
5Y 2/1 
2.5Y 3/2 
2.5Y 4/2 
2.5Y 4/2 
5Y 6/2 
5Y 6/3 
5Y 513 
2.5Y 5/2 
Musalar H6yiik Core 
Elevation (m. a. m. s. l. ) 
1008.25- 1007.45 
1007.30- 1006.45 
1006.43- 1006.36 
1006.36- 1006.29 
1006.29 - 1005.99 
1005.99 - 1005.92 
1005.92 - 1005.51 
1005.51 - 1005.30 
1005.30- 1005.15 
1005.15 - 1004.95 
Munsell Colour 
10YR 4/2 
2.5Y 4/2 
2.5Y 3/2 
2.5Y 2/2 
10YR 3/3 
10YR 3/3 
10YR 4/2 
10YR 4/2 
10YR 3/3 
10YR 4/3 
Musalar H6. viik Section 
Elevation (m. a. m. s. l. ) Munsell Colour 
1007.19 - 1005.54 
1005.54- 1004.94 
1004.94 - 1004.54 
1004.54.1004.29 
1004.29- 1002.49 
1002.49- 1002.34 
1002.34- 1002.19 
I OYR 4/2 
10YR 4/1 
10YR 4/2 
10YR 4/2 
2.5Y 3/2 
2.5Y 5/2 
2.5Y 5/2 
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Okýu H6yiik Core Boyah T6mek Core (cont. ) 
Elevation (m. a. m. s. l. ) Munsell Colour Elevation (m. a. m. s. l. ) Munsell Colour 
1011.18 - 1010.68 2.5Y 3/2 1001.54 - 1001.38 10YR 3/3 
1010.68 - 1010.18 10YR 3/3 1001.38 - 1001.36 10YR 3/3 
1010.18 - 1009.18 2.5Y 3/2 1001.36 - 1001.29 N/A 
1009.18 - 1008.18 2-5Y 3/2 1001.29 - 1001.19 2.5Y 4/2 
1008.18 - 1008-03 IOYR 3/3 1001-19 - 1001.15 10YR 3/3 
1008.03 - 1007.87 10YR 4/2 1001.15 - 1001-03 2.5Y 412 
1007.87 - 1007.26 10YR 4/3 1001.03 - 1001.02 10YR 6/3 
1007.18 - 1007.15 10YR 4/4 1001.02 - 1000.99 5Y 513 
1007.15 - 1006.82 10YR 4/4 1000-99 - 1000-97 2.5Y 6/4 
1006.82 - 1006.40 10YR 4/4 1000-97 - 1000.96 10YR 5/3 
1006.40 - 1006.25 1 OYR 4/3 1000.96 - looo. 91 2.5Y 6/4 
1006.18 - 1006.00 10YR 4/3 
1006.00 - 1005.95 N/A 
1005.95 - 1005.86 1 OYR 4/2 Boyah Tjjmek Section 
1005.86 - 1005.75 2.5Y 5/2 
1005.75 - 1005.37 2.5Y 612 Elevation (m. a. m. s. l. ) Munsell Colour 
1004-50 - 1003.16 1 OYR 4/2 
1003.16 - 1002.36 2.5Y 4/2 
Okcu H5yiik Section 1002.36 - 1001.56 2.5Y 5/2 
Elevation (m. a. m. s. l. ) Munsell Colour 
1007.58 - 1007.22 N/A Kuru H6yiik Core 
1007.22 - 1006.36 10YR 4/3 
1006.36 - 1006.14 10YR 4/3 Elevation (m. a. m. s. l. ) Munsell Colour 
1006.14 -- 1005.76 1 OYR 4/3 1002.51 - 1002.46 2.5Y 4/2 
1005.76 - 1005.56 10YR 3/3 1002.31- 1002.26 2.5Y 4/2 
1005.56 - 1005.40 2.5Y 6/2 1002.21 - 1001.91 10YR 3/3 
1001-91 - 1001.86 10YR 3/1 
1001-51 - 1001.46 1 OYR 3/3 
Boyah Umek Core 1001.31 - 1001.26 10YR 3/2 1001-11 - 1001.06 1 OYR 2/1 
Elevation (m. a. m. s. l. ) Munsell Colour 1000-91 - 1000.86 10YR 3/1 
1006.85 - 1005.90 2.5Y 4/2 1000.66 - 1000.21 2.5Y 4/2 
1005.85- 1004.85 2.5Y 4/2 1000.06 - 999.81 2.5Y 3/2 
1004.85 - 1004.79 2.5Y 5/2 999.81 - 999.69 2.5Y 3/2 
1004.76 - 1004.60 2.5Y 3/2 999.69 - 999.62 10YR 4/4 
1004.60 - 1004.24 2.5Y 4/2 999.62 - 999.51 N/A 
1004.24 - 1004.19 2.5Y 5/2 999-51 - 999.29 2.5Y 4/2 
1004.19 - 1004.16 2.5Y 4/2 999.29 - 999.11 10YR 513 
1004.16 - 1004.07 2.5Y 3/2 999.11 - 998.89 10YR 5/3 
1004.07 - 1003.89 10YR 5/3 998.89 - 998.75 10YR 5/3 
1003.85 - 1003.63 2.5Y 4/2 
1003.57- 1003.07 IOYR 5/3 
1003.07 - 1002.87 N/A Kuru 116yiik Section 
1002.87 - 1002.63 10YR 5/3 
1002.63- 1002.31 2.5Y 4/4 Elevation (m. a. m. s. l. ) Munsell Colour 
1002.31- 1001.95 2.5Y 4/4 999.79 - 999.74 2.5Y 3/2 
1001.95 - 1001.87 2.5Y 4/2 999.64 - 999.59 2.5Y 3/2 
1001.87 - 1001.72 N/A 999.34 - 999.29 2.5Y 4/2 
1001.72 - 1001.65 1 OYR 5/3 998.94 - 998.89 2.5Y 5/2 
1001.65 - 1001.54 2.5Y 4/4 998.64 - 998.59 5Y 5/3 
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Dedeli Hiiyiik Core 
Elevation (m. a. m. s. l. ) 
1005.01 - 1004.01 
1004.01 - 1003.23 
1003.23 - 1002.64 
1002.64 - 1002.23 
1002.23 - 1002.11 
1002.11 - 1001.60 
1001.60 - 1001.17 
1001.17 - 1001.11 
Munsell Colour 
I OYR 4/2 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 3/2 
2.5Y 4/2 
5Y 6/2 
5Y 6/3 
5Y 6/2 
Dedeli Myfik Section 
Elevation (m. a. m. s. l. ) 
1002.72 - 1001.73 
1001.73 - 1001.13 
1001.13 - 1000.71 
Munsell Colour 
10YR 3/3 
2.5Y 4/2 
2.5Y 4/4 
Sireak H60k Core 
Elevation (m. a. m. s. l. ) 
1004.39 - 1004-05 
1004.05 - 1003.96 
1003.96 - 1003.70 
1003.40 - 1002.70 
Munsell Colour 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 3/2 
2.5Y 4/2 
Torundede H6yilk Core 
Elevation (m. a. m. s. l. ) Munsell Colour 
1006.68- 1006.43 
1006.43 - 1006.28 
1006.28 - 1006.18 
1006.01 - 1005.83 
1005.83- 1005.58 
1005.58- 1005.38 
1005.38 - 1005.18 
1005.13 - 1004.69 
1004.69 - 1004.68 
1004.68 - 1004.30 
1004.30 - 1004.23 
1004.05- 1003.93 
1003.93- 1003.77 
1003.77 - 1003.44 
1003.44- 1003.32 
1003.32- 1003.22 
1003.18 - 1002.56 
1002.56- 1002.41 
1002.38- 1001.82 
1001.77 - 1001.68 
2.5Y 3/2 
1 OYR 4/2 
IOYR 4/2 
10YR 4/2 
2.5Y 3/2 
10YR 3/3 
10YR 3/2 
IOYR 3/2 
N/A 
10YR 3/3 
10YR 3/3 
10YR 3/2 
2.5Y 3/2 
10YR 3/2 
10YR 3/3 
1 OYR 4/2 
1 OYR 4/2 
N/A 
2.5Y 4/2 
2.5Y 4/2 
Torundede 116yfik Core (cont. ) 
Elevation (m. a. m. s. l. ) 
1001.68 - 1001.05 
1000.92 - 1000.68 
1000.68 - 1000.23 
1000.23 - 1000.16 
1000.16 - 1000.05 
Munsell Colour 
2.5Y 3/2 
10YR 4/3 
10YR 4/3 
5Y 513 
5Y 6/3 
10riimdii 116YR Core 
Elevation (m. a. m. s. l. ) 
1004.44- 1003.54 
1003.46- 1002.54 
1002.54 - 1001.92 
1001.85 - 1001.70 
1001.65 - 1001.26 
1001.26 - 1001.20 
1001.20- 1001.17 
1001.17- 1001.09 
1001.09 - 1000.98 1000.98- 1000.86 
1000.86- 1000.56 
1000.56- 1000.47 
1000.47- 1000.39 
1000.10 - 1000.02 
1000.02 - 999.94 
999.94 - 999.88 
999.88 - 999.79 
999.79 - 999.70 
999.70 - 999.64 
999.64 - 999.53 
999.53 - 999.44 
999.44 - 999.26 
999.26 - 999.19 
999.19 - 998.81 
998.81 - 998.69 
998.69 - 998.27 
Munsell Colour 
10YR 4/2 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 4/2 
5Y 5/2 
2.5Y 4/2 
5Y 6/2 
2.5Y 4/2 
5Y 6/2 
5Y 3/2 
5Y 4/2 
2.5Y 4/2 
5Y 5/2 
2.5Y 4/2 
5Y 6/2 
5Y 5/2 
5Y 4/2 
5Y 3/2 
2.5Y 3/2 
5Y 4/2 
N/A 
5Y 5/2 
5Y 5/2 
5Y 6/2 
Urfimdii 115. viik Section 
Elevation (m. a. m. s. l. ) Munsell Colour 
1002.65 - 1002.40 N/A 
1002.40 - 1002.00 5Y 6/3 
1002.00 - 1001.20 2.5Y 4/2 
1001.20 - 1000.60 2.5Y 5/2 
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Kizil H6yiik Il Core 
Elevation (m. a. m. s. l. ) Munsell Colour 
1004.15 - 1003.35 
1003.12- 1002.87 
1002.87- 1002.35 
1002.17 - 1001.70 
1001.70- 1001.35 
1001.27 - 1000.69 
1000.69- 1000.35 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 4/2 
10YR 3/3 
2.5Y 3/2 
2.5Y 3/2 
5Y 512 
Agadami HSyiik Core 
Elevation (m. a. m. s. l. ) Munsell Colour 
1004.92 - 1004.72 2.5Y 3/2 
1004.72 - 1003.94 10YR 3/3 
1003.60 - 1002.92 2.5Y 4/2 
1002.83 - 1002.77 2.5Y 4/2 
1002.77 - 1002.71 2.5Y 4/2 
1002.71 - 1002.65 2.5Y 4/2 
1002.65 - 1002.51 5Y 4/2 
1002.51 - 1002.35 5Y 3/2 
1002.35- 1002.18 2.5Y 4/2 
1002.18 - 1002.02 2.5Y 3/2 
1001.92 - 1001.85 N/A 
1001.85- 1001.74 2.5Y 3/2 
1001.74 - 1001.69 2.5Y 4/2 
1001.69 - 1001.55 2.5Y 4/2 
1001.55 - 1001.43 2.5Y 4/2 
i0ol. 43 - 1000-97 2.5Y 4/2 
1000.92 - 1000.63 2.5Y 3/2 
Agadami H5yiik Section 
Elevation (m. a. m. s. l. ) 
1001.66 - 1000.06 
1000.06 - 999.41 
999.41 - 999.21 
999.21 - 999.16 
999.16 - 999-01 
999.01 - 998.21 
Munsell Colour 
10YR 312 
2.5Y 6/2 
5Y 6/2 
N/A 
N/A 
N/A 
Kizil HB. viik I Core 
Elevation (m. a. m. s. l. ) 
1003.14 - 1002.39 
1002.39 - 1002.24 
1002.24 - 1002.14 
1002.01 - 1001.79 
1001.79 - 1001.69 
Munsell Colour 
10YR 3/3 
10YR 4/2 
1 OYR 4/2 
10YR 4/2 
2.5Y 3/2 
Kizil H5yiik I Core (cont. ) 
Elevation (m. a. m. s. l. ) Munsell Colour 
1001.69 - 1001.59 1 OYR 4/2 
1001.59 - 1001.44 2.5Y 3/2 
1000.99 - 1000.48 2.5Y 3/2 
1000.03 - 999.68 2.5Y 4/4 
999.68 - 999.47 10YR 3/2 
999.33 - 999.19 10YR 3/1 
999.19 - 998.79 5Y 6/2 
998.79 - 998.65 5Y 6/3 
Kizil H6.0k I Section 
Elevation (m. a. m. s. l. ) 
1001.90 - 999.98 
999.98 - 999.58 
999.58 - 999.45 
999.45 - 998.56 
998.56 - 998.21 
998.21 - 998.00 
Munsell Colour 
10YR 3/3 
10YR 3/1 
N/A 
2.5Y 5/2 
10YR 513 
5Y 6/2 
Kular 116yfik Core 
Elcvation (m. a. m. s. l. ) 
1002.68 - 1002.41 
1002.41- 1002.28 
1002.28 - 1002.15 
1002.15 - 1002.02 
1002.02 - 1001.93 
1001.93 - 1001.86 
1001.86 - 1001.68 
1001.68 - 1001.65 
1001.65 - 1001.62 
1001.62 - 1001.51 
1001.51 - 1001.48 
1001.48 - 1001.37 
1001.37 - 1001.23 
1001.23 - 1001.22 
1001.22- 1001.02 
1000.87- 1000.79 
1000.79 - 1000.47 
1000.47 - 1000.46 
1000.46 - 1000.44 
1000.44 - 1000.37 
1000.37- 1000.19 
1000.19 - 1000.14 
1000.14 - 1000.08 
1000.03 - 999.99 
999-99 - 999.76 
999.76 - 999.72 
Munsell Colour 
N/A 
5Y 5/2 
5Y 5/2 
5Y 5/2 
5Y 5/2 
5Y 5/2 
5Y 5/2 
NIA 
5Y 5/2 
5Y 5/2 
5Y 5/2 
5Y 6/2 
5Y 6/2 
N/A 
5Y 6/2 
5Y 4/2 
5Y 4/2 
5Y 4/2 
N/A 
5Y 4/2 
5Y 4/2 
2.5Y 7/2 
5Y 4/2 
N/A 
2.5y 4/2 
5Y 5/2 
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Kizlar HOyiik Core (cont. ) 
Elevation (m. a. m. s. l. ) Munsell Colour 
999.72 - 999.62 
999.62 - 999.54 
999.54 - 999.49 
999.49 - 999.33 
999.33 - 999.28 
999.28 - 999.22 
999.22 - 999.08 
998.98 - 998.88 
998.88 - 998.82 
998.82 - 998.77 998.77 - 998.63 
998.63 - 998.49 
998.49 - 998.45 
998.45 - 998.33 
KizIar H6y0k Section 
Unit Munsell Colour 
Alluvium 5Y 511 
Marl 5Y 6/2 
Dolay H6. viik Core 
Elevation (m. a. m. s. l. ) Munsell Colour 
1001.47 - 1000.97 2.5Y 4/2 
1000.97 - 1000.57 2.5Y 4/2 
1000.40 - 999.92 5Y 4/2 
999.92 - 999.82 5Y 4/2 
999.82 - 999.72 10YR 3/3 
999.72 - 999.57 2.5Y 4/2 
999.49 - 999.27 2.5Y 4/2 
999.27 - 999.07 5Y 6/3 
999.07 - 998.82 5Y 7/2 
998.82 - 998.57 5Y 7/2 
Avrathani H6yiik Core 
Elevation (m. a. m. s. l. ) Munsell Colour 
1002.17 - 1001.57 2.5Y 412 
1001.57 - 1001.37 2.5Y 4/2 
1001.37 - 1001.21 10YR 3/3 
1001.07 - 1000.47 IOYR 3/3 
1000.47 - 1000.32 IOYR 3/3 
1000.32 - 1000.21 10YR 3/3 
1000.21 - 999.92 2.5Y 4/2 
999.92 - 999.77 10YR 3/3 
999.77 - 999.67 10YR 3/3 
999.67 - 999.21 10YR 3/3 
Avrathani 116yfik Core (cont. ) 
Elevation (m. a. m. s. l. ) Munsell Colour 
999.21 - 999.02 10YR 3/3 
999.02 - 998.62 2.5Y N2/ 
998.62 - 998.55 5Y2.5/1 
998.55 - 998.50 N/A 
998.50 - 998.37 5Y 6/2 
998.37 - 998.27 5Y 6/3 
998.27 - 998.16 5Y 7/2 
Avratham 116.0k Section 
5Y 5/2 
2.5Y 4/2 
5Y 6/2 
5Y 4/2 
5Y 6/2 
5Y 5/2 
5Y 5/2 
N/A 
2.5Y 5/2 
2.5Y 3/2 
2.5Y 5/2 
2.5Y 3/2 
N/A 
5Y 7/2 
Elevation (m. a. m. s. l. ) 
1001.32 - 1000.29 
1000.29 - 999.19 
999.19 - 998.92 
998.92 - 998.77 
998.77 - 998.60 
Munsell Colour 
I OYR 4/3 
10YR 4/3 
1 OYR 4/2 
5Y 6/2 
5Y 6/3 
Kuýlu Hi; yiik I Lower Core 
Elevation (m. a. m. s. l. ) Munsell Colour 
1002.42- 1002.17 
1002.17- 1001.92 
1001.92- 1001.72 
1001.72- 1001.57 
1001.56 - 1001.06 
1001.06 - 1001.00 
1001.00 - 1000.57 
1000.57- 1000.35 
1000.35 - 1000.25 
1000.25 - 1000.18 
1000.03 - 999.85 
999.85 - 999.55 
999.55 - 999.51 
999.51 - 999.37 
999.37 - 999.34 
999.34 - 999.29 
999.29 - 999.15 
2.5Y 3/2 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 4/2 
N/A 
5Y 7/2 
5Y 6/2 
2.5Y 5/2 
5Y 6/2 
5Y 6/2 
2.5Y 5/2 
2.5Y 5/2 
2.5Y 5/2 
2.5Y 6/2 
N/A 
2.5Y 6/2 
Kuýlu 116yiik I Upper Core 
Elevation (m. a. m. s. l. ) Munsell Colour 
1004.09 - 1002.49 2.5Y 3/2 
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Ku*lu H5yiik I Section 
Elevation (m. a. m. s. l. ) Munsell Colour 
1001.66 - 1001.30 
1001.30 - 1001.19 
1001-19 - 1001.06 
1001.06 - 1000.99 
1000-99 - 1000.73 
1000.73 - 1000.31 
1000.31 - 1000.20 
1000.20 - 1000.19 
1000-19 - 1000.00 
1000.00 - 999.81 
999.81 - 999.76 
999.76 - 999.69 
2.5Y 4/2 
2.5Y 4/2 
2.5Y 5/2 
2.5Y 6/2 
2.5Y 5/2 
2.5Y 6/2 
2.5Y 5/2 
N/A 
2.5Y 4/2 
5Y 6/2 
2.5Y 6/2 
2.5Y 5/2 
Ku*lu H6yiik 11 Section C 
Elevation (m. a. m. s. l. ) Munsell Colour 
Unit 8 
(1002.75 - 1002.60) 2.5Y 4/2 
Unit 7 
(1002.60 - 1002.56) N/A 
Unit 6 
(1002.56 - 1002.51) 2.5Y 4/2 
Unit 5 
(1002.51 - 1002.44) N/A 
Unit 4 
(1002.44 - 1002.09) 2.5Y 4/2 
Unit 3 
(1002.09 - 1001.66) 2.5Y 5/2 
Unit 2 (pit-fill) 2.5Y 3/2 
Unit I (marl) 
(1001.66+) 5Y 6/2 
Kuslu H5yiik 11 Section G 
Elevation (m. a. m. s. l. ) MunsclI Colour 
1001.92 - 1000.52 10YR 3/3 
1000.52 - 1000.22 N/A 
1000.22 - 999.35 10YR 312 
999.35 - 998.97 2.5Y 4/2 
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(gM3 kg"l) Raw Data 
Core 94B 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1002.33 4.36 21.65 0.56 
1002.33 3.86 23.18 0.55 
1001.92 4.98 20.03 0.38 
1001.92 4.83 18.68 0.38 
1001.23 4.89 17.59 0.35 
1001.23 5.01 17.99 0.36 
1000.645 5.72 12.65 0.24 
1000.645 5.23 14.38 0.21 
1000.42 4.49 41.06 0.11 
1000.42 3.97 49.16 0.08 
1000.13 3.49 53.28 0.08 
1000.13 3.27 55.57 0.07 
Section 95PC2 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1001.465 4.63 23.01 0.26 
1000.915 4.71 22.05 0.21 
1000.415 5.17 21.15 0.21 
999.815 4.68 29.43 0.12 
999.575 3.72 39.49 0.14 
999.35 3.88 37.59 0.17 
999.15 4.62 19.79 0.32 
998.95 2.47 11.31 1.32 
998.75 1.20 5.26 1.39 
998.55 1.82 14.40 1.31 
998.375 1.42 6.98 1.39 
998.275 5.52 5.98 0.55 
998.17 3.79 20.20 0.24 
998.04 3.19 16.89 0.54 
Section 95PC1 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1003.905 3.98 27.39 0.62 
1003.715 3.34 30.42 0.61 
1003.525 4.53 21.43 0.68 
1003.335 3.41 27.37 0.63 
1003.135 2.71 24.06 0.81 
1002.935 3.91 26.68 0.67 
1002.735 3.07 23.97 0.79 
1002.625 3.83 21.93 0.60 
1002.435 4.58 20.00 0.40 
1002.235 4.49 20.74 0.28 
1002.035 4.36 19.65 0.31 
1001.835 4.72 16.82 0.35 
1001.635 4.36 17.09 0.30 
1001.435 3.34 19.08 0.29 
1001.235 3.73 20.49 0.21 
1001.085 5.81 7.87 0.15 
1000.985 5.70 8.23 0.19 
1000.885 5.74 3.15 0.19 
1000.785 3.78 43.40 0.06 
1000.635 3.51 49.83 0.11 
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Raw Data (continued) 
Core 95E Core 95E (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1003.198 5.12 24.36 0.52 999.633 3.39 16.72 0.71 
1003.098 4.74 23.34 0.53 999.563 3.76 17.88 0.71 
1002.998 4.62 22.45 0.52 999.513 2.18 14.25 0.82 
1002.898 4.04 22.79 0.55 999.393 3.74 20.96 0.66 
1002.798 3.45 22.59 0.59 999.313 3.71 17.05 0.62 
1002.698 3.13 21.93 0.67 999.128 3.66 21.28 0.50 
1002.598 3.09 21.73 0.66 999.058 1.48 8.47 0.68 
1002.488 3.08 19.52 0.72 999.018 1.21 6.19 0.50 
1002.388 4.06 21.10 0.66 998-953 4.46 16.26 0.40 
1002.298 4.15 18.84 0.65 998.883 4.84 20.13 0.40 
1002.198 4.38 19.61 0.60 998.813 4.43 15.73 0.42 
1002.113 4.06 19.44 0.57 998.723 1.26 6.22 1.16 
1002.018 2.06 19.21 0.53 998.673 0.83 5.16 0.53 
1001.918 2.78 24.55 0.73 998.623 0.91 5.08 0.78 
1001.778 1.43 14.91 0.72 998.543 1.05 16.95 0.66 
1001.638 3.24 24.59 0.70 998.493 3.93 16.59 0.10 
1001.498 2.34 22.34 0.60 998.398 0.84 4.64 0.64 
1001.298 1.27 20.15 0.81 998.298 0.91 4.31 0.62 
1001.123 3.27 20.47 0.77 998.193 3.63 19.37 0.11 
1000.913 5.91 16.61 0.66 998.143 3.57 15.89 0.14 
1000.823 5.09 15.07 0.70 998.043 4.32 8.24 0.13 
1000.718 5.61 14.32 0.62 997.963 4.03 13.48 0.13 
1000.633 5.87 20.33 0.44 997.883 4.10 13.21 0.11 
1000.588 5.58 11.63 0.58 997.833 3.97 15.44 0.12 
1000.538 5.52 15.07 0.58 997.783 3.16 19.26 0.13 
1000.423 5.19 13.51 0.55 997.713 3.39 25.50 0.09 
1000.323 4.88 16.85 0.67 997.598 0.96 5.68 0.63 
1000.223 3.60 18.01 0.88 997.498 0.93 7.62 0.63 
1000.108 4.77 14.53 0.98 997.398 1.20 11.80 0.70 
999.973 3.70 18.41 0.73 997.293 3.14 28.31 0.09 
999.913 3.38 17.51 0.84 997.213 3.29 29.16 0.08 
999.833 3.39 16.51 0.84 997.133 3.22 30.49 0.08 
999.773 2.93 16.02 0.89 997.063 3.65 20.37 0.09 
999.713 3.36 15.99 0.84 
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Raw Data (continued) 
Core 95F 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1003.053 3.84 25.13 0.59 
1002.853 3.15 23.04 0.65 
1002.653 3.72 25.09 0.55 
1002.453 3.64 26.97 0.59 
1002.253 3.42 23.19 0.64 
1002.053 4.66 23.76 0.51 
1001.853 3.97 21.94 0.57 
1001.753 3.86 20.95 0.61 
1001.653 3.92 20.82 0.63 
1001.553 3.78 22.31 0.64 
1001.453 1.91 15.39 0.65 
1001.348 2.66 17.93 0.72 
1001.288 3.02 20.23 0.98 
1001.228 1.94 16.00 0.78 
1001.168 2.46 17.24 0.56 
1001.108 2.03 17.69 0.56 
1000.888 3.17 17.50 1.13 
1000.828 3.54 17.62 0.99 
1000.783 2.67 17.12 0.87 
1000.743 2.55 15.66 0.68 
1000.708 1.49 15.75 0.57 
1000.663 2.38 18.70 0.62 
1000.613 1.57 22.31 0.79 
1000.563 1.26 20.27 1.00 
1000.513 2.27 17.80 0.78 
1000.458 1.87 18.32 1.09 
1000.348 4.34 19.38 0.65 
1000.253 5.22 16.43 1.19 
1000.188 6.73 16.94 0.85 
1000.143 6.25 22.51 0.63 
1000.093 5.76 16.99 0.49 
1000.043 7.17 20.62 0.71 
999.973 5.99 22.10 0.39 
999.913 8.53 16.60 0.65 
999.823 4.87 26.63 0.77 
999.728 5.31 23.42 0.58 
999.643 14.71 21.10 0.63 
Core 95F (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
999-583 6.80 19.68 0.64 
999.508 28.61 15.38 0.27 
999.413 16.86 16.77 0.80 
999.323 5.65 17.26 0.38 
999.243 4.78 17.94 0.40 
999.163 4.75 18.08 0.40 
999.063 5.05 17.95 0.46 
999-003 5.92 17.78 0.25 
998.923 4.91 19.04 0.28 
998.823 5.70 22.03 0.12 
998.743 5.42 23.16 0.11 
998.663 4.78 22.41 0.14 
998.603 5.40 23.08 0.10 
998.563 5.21 19.57 0.10 
998.493 5.11 19.67 0.10 
998.423 5.40 26.53 0.07 
998.343 5.40 24.10 0.09 
998.263 5.02 23.40 0.08 
998.183 5.29 23.68 0.09 
998.133 3.04 21.65 0.12 
998.073 4.35 22.53 0.08 
998.043 2.55 21.04 0.09 
998.003 3.04 28.81 0.08 
997.923 2.53 19.94 0.14 
997.843 2.33 22.55 0.13 
997.803 2.37 23.07 0.12 
997.753 2.82 25.63 0.11 
997.673 3.49 27.03 0.12 
997.593 3.67 28.75 0.12 
997.513 3.17 28.36 0.09 
997.443 2.48 26.54 0.09 
997.253 3.48 31.73 0.10 
997.053 3.86 26.35 0.11 
996.853 3.61 31.36 0.08 
996.653 3.82 32.95 0.10 
996.453 3.82 33.33 0.08 
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Raw Data (continued) 
Core 94A Core 94A (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1004.09 6.28 26.17 0.35 999.915 4.16 17.36 0.20 
1004.045 6.28 17.49 0.81 999.865 4.43 16.60 0.21 
1003.935 5.20 18.34 0.61 999.815 4.01 18.32 0.22 
1003.835 4.92 15.24 0.44 999.715 4.35 12.04 0.16 
1003.735 5.46 16.93 0.53 999.665 4.09 14.51 0.18 
1003.665 4.89 49.01 0.08 999.61 5.24 10.66 0.15 
1003.605 5.38 14.81 0.47 999.54 6.15 12.58 0.12 
1003.565 5.68 9.39 0.29 999.445 3.68 43.78 0.07 
1003.515 5.18 21.27 0.35 999.395 3.38 46.29 0.07 
1003.48 2.83 15.57 0.50 999.305 3.27 55.28 0.07 
1003.445 4.33 24.81 0.33 999.225 3.47 54.98 o. 06 
1003.395 3.00 13.88 0.53 998.91 3.35 55.32 0.06 
1003.235 4.03 24.73 0.30 998.76 3.22 71.83 0.05 
1003.055 4.29 24.30 0.35 998.635 2.99 52.74 0.06 
1002.98 3.44 20.59 0.47 998.46 2.96 54.13 0.06 
1002.895 3.98 28.33 0.35 998.305 3.28 53.95 0.05 
1002.795 3.73 24.35 0.32 998.265 2.94 58.62 0.05 
1002.7 3.67 32.90 0.19 998.165 2.95 55.38 0.06 
1002.545 5.04 25.01 0.46 
1002.365 3.74 34.76 0.23 
1002.245 3.77 33.10 0.25 Core 94D 
1002.04 3.76 34.31 0.50 
1001.94 4.23 22.72 0.39 Elevation % Organic % CaC03 Mass-Sp. 
1001.825 3.80 35.04 0.29 (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1001.745 3.52 26.22 0.38 1005.64 8.76 16.71 0.48 
1001.635 3.17 20.08 0.17 1005.24 6.11 15.74 0.49 
i0ol. 555 3.02 19.17 0.18 1004.64 9.16 16.26 0.60 
1001.44 3.68 33.73 0.21 1003-94 5.64 22.95 0.45 
1001.355 3.68 23.49 0.32 1003.30 4.13 27.79 0.67 
1001.215 4.43 27.88 0.46 1002.595 4.33 24.30 0.55 
1001.015 9.84 23.86 0.07 1002.00 5.51 20.34 0.31 
1000.935 5.29 25.69 0.20 1001.90 4.56 21.09 0.24 
1000.855 4.83 27.77 0.21 1001.61 3.93 33.29 0.12 
1000.775 5.39 26.20 0.22 1001.44 4.21 21.88 0.26 
1000.715 5.54 23.27 0.23 1001.28 3.53 21.02 0.34 
1000.615 4.83 21.90 0.22 1001.03 4.69 11.48 0.30 
1000.535 4.82 16.77 0.23 1000.78 4.22 17.47 0.29 
1000.475 4.84 23.19 0.28 1000.23 4.04 12.08 0.17 
1000.435 5.13 14.65 0.23 999.66 7.54 7.56 0.13 
1000.055 3.92 17.40 0.18 999.53 3.08 53.11 0.05 
1000.01 4.16 17.77 0.20 999.405 1.84 45.90 0.04 
999.965 4.00 22.02 0.19 999.26 2.66 58.58 0.05 
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Raw Data (continued) 
Core 94C 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1003.65 4.12 18.42 0.75 
1002.33 5.08 16.80 0.55 
1001.855 4.91 19.37 0.47 
1001.61 4.74 18.78 0.48 
1001.345 5.17 18.22 0.40 
1000.755 5.59 13.66 0.46 
1000.35 5.57 18.36 0.20 
999.645 5.00 19.69 0.18 
999.07 3.11 28.42 0.10 
CH96W 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1005.388 4.24 15.19 0.79 
1005.188 4.63 19.04 0.60 
1004.988 4.75 20.64 0.65 
1004.788 4.79 21.86 0.56 
1004.638 4.68 20.16 0.48 
1004.438 5.88 19.33 0.63 
1004.238 4.50 18.07 0.44 
1004.038 5.03 23.81 0.60 
1003.838 4.74 25.71 0.48 
1003.638 4.84 21.03 0.34 
1003.438 4.63 23.13 0.35 
1003.298 3.83 42.89 0.15 
1003.218 5.96 30.47 0.58 
1003.148 4.80 24.40 0.75 
1003.038 4.64 15.45 0.74 
1002.888 5.02 24.34 0.40 
1002.788 4.90 21.88 1.07 
1002.708 4.79 25.11 0.72 
1002.638 4.90 20.79 0.59 
1002.388 5.34 21.49 0.71 
1002.313 7.03 21.85 0.71 
1002.188 7.06 19.40 1.04 
1002.038 4.98 23.48 0.40 
1001.888 6.25 18.45 0.19 
1001.788 6.61 19.70 0.10 
1001.588 7.04 22.54 0.14 
1001.518 10.56 26.25 0.20 
C1196W (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1001.438 9.42 18.37 0.13 
1001.358 10.88 21.27 0.12 
1001.278 9.90 22.82 0.14 
1001.218 4.90 36.91 0.08 
1001.118 5.41 17.99 0.11 
1001.058 4.78 34.66 0.09 
1000.978 4.90 36.94 0.08 
1000-858 4.77 36.10 0.09 
1000.738 5.04 31.71 0.09 
1000.618 4.84 35.65 0.09 
1000.408 4.64 35.06 0.09 
1000.328 4.73 34.87 0.14 
1000.248 5.61 28.00 0.10 
1000.148 5.20 30.05 0.10 
1000.068 6.43 25.46 0.09 
999.988 6.75 25.33 0.11 
999.908 6.11 26.43 0.09 
999.828 6.02 26.08 0.10 
999.748 6.38 29.34 0.09 
999.668 6.16 31.15 0.10 
999.588 7.01 27.96 0.09 
999.438 5.58 28.59 0.11 
999.358 6.13 28.12 0.10 
999.278 5.65 30.00 0.08 
999.198 7.60 30.96 0.07 
999.118 7.98 36.13 0.07 
999.038 6.81 31.53 0.08 
998.958 6.23 26.46 0.09 
998.878 6.38 27.00 0.09 
998.798 6.50 26.29 0.09 
998.718 6.56 24.93 0.09 
998.638 5.52 22.67 0.09 
998.498 5.94 24.63 0.08 
998.438 6.82 14.61 0.09 
998.378 6.54 22.61 0.08 
998.318 3.51 31.97 0.08 
998.258 2.71 17.19 0.08 
998.198 2.16 11.61 0.08 
997.993 1.92 11.86 0.11 
997.853 1.88 10.82 0.09 
997.793 1.47 8.61 0.12 
997.593 1.27 6.93 0.15 
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(gM3 kg, l) Raw Data 
Musalar H6yiik Core Musalar H6yiik Section 
Elevation % Organic % CaC03 Mass-Sp. Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1008.175 4.72 16.75 1.03 1005.865 4.77 19.70 0.77 
1008.025 4.67 15.92 1.08 1005.665 4.68 19.70 0.74 
1007.825 4.84 16.99 1.35 1005.465 4.76 18.20 0.68 
1007.625 3.95 20.47 1.27 1005.265 4.89 17.08 0.71 
1007.475 3.91 21.62 1.13 1005.065 4.80 17.86 0.74 
1007.275 3.72 23.05 1.18 1004.865 3.82 20.92 0.84 
1007.075 3.79 21.74 1.09 1004.665 3.62 18.81 0.94 
1006.875 3.90 19.51 1.22 1004.54 5.07 19.89 0.79 
1006.675 3.94 16.20 1.45 1004.465 4.37 20.98 0.74 
1006.475 4.10 15.22 1.83 1004.215 4.53 20.47 0.62 
1006.41 4.57 15.07 2.01 1004.015 5.06 19.65 0.48 
1006.34 3.68 14.12 1.88 1003.815 4.55 21.38 0.58 
1006.26 4.06 15.70 1.42 1003.615 4.13 21.63 0.66 
1006.18 4.14 15.86 1.39 1003.415 4.14 17.33 0.95 
1006.10 4.27 15.02 1.45 1003.215 4.53 14.82 0.96 
1006.02 4.22 15.86 1.36 1003.015 4.35 21.78 0.46 
1005.96 4.12 15.56 1.43 1002.815 4.39 21.45 0.35 
1005.88 4.28 17.74 0.86 1002.615 4.06 25.17 0.43 
1005.80 4.21 18.18 0.80 1002.415 3.24 29.47 0.30 
1005.74 3.91 22.06 0.72 1002.215 1.64 13.93 0.39 
1005.66 3.96 25.00 0.65 
1005.58 4.31 18.43 0.81 
1005.52 4.05 19.62 0.80 
1005.50 4.01 17.95 0.85 
1005.42 4.00 19.75 0.79 
1005.34 4.17 19.27 0.81 
1005.26 4.29 18.46 0.72 
1005.18 4.01 17.60 0.71 
1005.10 4.19 18.95 0.81 
1005.02 4.12 18.40 0.84 
1004.96 3.62 30.70 0.82 
0 
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Raw Data (continued) 
Okýu H6yiik Core 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1010.805 5.12 25.71 0.99 
1010.605 5.12 22.54 0.99 
1010.405 4.91 22.94 1.07 
1010.205 5.68 21.00 1.28 
1010.005 5.09 23.42 1.13 
1009.805 5.42 21.98 1.30 
1009.605 4.66 24,14 1.28 
1009.405 5.15 26.44 1.06 
1009.205 4.95 23.92 1.11 
1009.005 4.65 26.54 1.13 
1008.805 5.46 22.04 0.86 
1008.605 4.62 24.45 1.23 
1008.405 4.55 25.40 1.07 
1008.205 4.19 26.90 1.44 
1008.155 4.36 25.26 1.40 
1008.055 4.22 26.61 1.14 
1008.015 3.98 26.73 1.09 
1007.895 3.80 27.34 1.19 
1007.835 3.67 27.39 0.82 
1007.755 3.70 27.77 0.85 
1007.675 3.56 27.42 0.75 
1007.595 3.56 27.79 0.80 
1007.515 3.45 29.97 0.73 
1007.435 3.41 28.26 0.69 
1007.355 3.47 27.35 0.70 
1007.275 3.53 27.98 0.64 
1007.165 3.01 27.01 0.49 
1007.085 3.67 26.85 0.65 
1006.995 3.53 27.75 0.60 
1006.915 3.38 27.59 0.73 
1006.835 3.78 27.96 0.55 
1006.755 4.08 31.55 0.45 
1006.675 3.86 29.82 0.49 
1006.595 3.60 29.22 0.53 
1006.515 3.59 28.16 0.56 
1006.435 3.85 27.10 0.53 
1006.355 3.49 29.03 0.49 
1006.275 3.27 30.94 0.50 
1006.155 5.88 20.64 0.40 
1006.075 5.60 22.40 0.34 
1005.985 5.54 21.40 0.25 
1005.905 5.37 21.03 0.36 
Okp lldyiik Core (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1005.825 4.93 27.32 0.17 
1005.735 4.48 35.96 0.11 
1005.655 4.23 45.47 0.14 
1005.575 4.23 42.48 0.15 
1005.495 4.78 33.47 0.32 
1005.415 3.89 49.93 0.16 
Okqu H5yfik Section 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1007.155 4.60 25.52 0.72 
1006.955 4.72 26.12 0.76 
1006.755 4.31 28.71 0.62 
1006.555 4.30 27.22 0.55 
1006.405 4.24 27.88 0.56 
1006.305 4.97 22.37 0.58 
1006.205 4.64 28.82 0.59 
1006.055 5.34 26.10 0.44 
1005.855 5.07 27.95 0.32 
1005.705 5.54 21.95 0.20 
1005.655 4.54 31.19 0.13 
1005.505 3.73 44.44 0.18 
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Raw Data (continued) 
Boyah Umek Core 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus 
1006.475 2.27 13.59 0.84 
1006.325 2.49 14.90 1.01 
1006.125 2.91 16.12 1.04 
1005.925 3.20 14.48 0.89 
1005.675 3.74 13.41 0.66 
1005.475 3.51 12.13 0.62 
1005.275 3.21 13.59 0.69 
1005.075 3.06 18.81 0.73 
1004.875 3.01 17.52 0.57 
1004.815 2.83 17.70 0.68 
1004.685 3.95 13.17 0.67 
1004.585 3.51 13.33 0.64 
1004.425 3.25 14.52 0.68 
1004.255 2.92 14.64 0.64 
1004.215 2.46 18.11 0.65 
1004.175 2.26 10.04 0.71 
1004.125 3.04 12.39 0.69 
1004.045 3.59 13.52 0.44 
1003.965 3.80 21.02 0.37 
1003.905 3.81 17.79 0.34 
1003.825 3.86 24.17 0.33 
1003.745 3.77 25.32 0.30 
1003.665 3.31 24.85 0.33 
1003.525 2.27 12.89 0.56 
1003.325 2.54 16.56 0.59 
1003.125 2.05 20.01 0.76 
1002.725 1.22 7.34 0.96 
1002.625 0.94 6.31 1.17 
1002.475 2.03 16.00 1.08 
1002.345 2.32 14.25 1.45 
1002.225 1.03 4.99 1.14 
1002.075 1.99 7.57 1.34 
1001.975 1.66 10.11 1.17 
1001.895 2.54 10.11 0.84 
1001.68 2.85 17.75 0.56 
1001.6 1.90 10.09 1.05 
1001.52 2.10 7.97 0.92 
1001.42 1.32 4.88 0.83 
1001.34 1.06 5.75 0.70 
1001.26 1.69 10.71 1.09 
1001.17 2.24 14.72 1.01 
1001.09 1.71 11.61 0.81 
Boyah T6mek Core (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1001.01 1.72 14.72 0.46 
1000-93 3.55 41.64 0.23 
Boyah T6mek Section 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1004.235 4.39 17.18 0.51 
1004.035 4.01 19.22 0.50 
1003.835 4.15 20.73 0.42 
1003.635 3.98 22.09 0.34 
1003.435 4.04 19.66 0.30 
1003.235 3.48 18.80 0.36 
1003-035 3.06 27.73 0.34 
1002.835 3.88 19.02 0.42 
1002.635 3.11 31.44 0.37 
1002.435 3.08 19.93 0.46 
1002.235 2.94 21.77 0.45 
1002-035 3.07 26.65 0.41 
1001.835 2.63 20.83 0.49 
1001.635 3.53 20.67 0.28 
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Raw Data (continued) 
Kuru 116yfik Core Dedeli Myfik Core 
Elevation % Organic % CaC03 Mass-Sp. Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1002.485 4.93 25.41 0.40 1004.635 4.28 16.75 1.01 
1002.285 6.38 23.79 0.38 1004.435 4.01 20.36 1.19 
1002.085 6.19 24.92 0.33 1004.235 4.01 20.46 1.04 
1002.06 6.75 26.83 0.45 1004.035 3.76 21.04 0.83 
1001.885 7.59 20.33 0.76 1003.835 3.69 18.51 0.88 
1001.485 6.93 17.13 0.68 1003.635 4.34 15.95 1.09 
1001.285 7.97 16.70 0.56 1003.435 4.41 16.72 0.96 
1001.085 8.77 13.29 0.73 1003.255 4.62 18.88 1.12 
1000.885 6.82 17.38 0.63 1003.135 4.16 20.29 0.98 
1000.635 5.44 17.45 0.73 1002.935 4.32 21.86 0.90 
1000.435 9.85 15.38 0.53 1002.735 4.51 22.75 0.80 
1000.235 4.92 16.70 0.79 1002.535 3.99 27.61 0.66 
1000.035 8.21 15.66 1.50 1002.335 5.03 28.47 0.28 
999.835 7.55 16.17 0.57 1002.185 3.78 27.23 0.49 
999.745 6.22 15.81 0.55 1001.985 3.26 48.37 0.33 
999.655 6.28 23.19 0.33 1001.785 2.94 45.14 0.54 
999.575 5.13 16.45 0.25 1001.635 3.16 46.36 0.47 
999.485 4.68 15.01 0.24 1001.435 3.23 48.76 0.48 
999.405 4.57 17.14 0.24 1001.195 3.25 50.07 0.49 
999.325 5.34 22.22 0.24 1001.135 3.37 55.91 0.23 
999.245 5.09 22.82 0.23 
999.165 4.91 24.21 0.24 
999.085 4.93 21.90 0.30 Dedeli My fik Section 
999.005 5.00 29.28 0.29 
998.925 5.07 28.61 0.40 Elevation % Organic % CaC03 Mass-Sp. 
998.78 4.52 27.25 0.47 (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1002.64 5.40 14.82 0.64 
1002.44 5.25 15.14 0.58 
Kuru Hbyiik Section 1002.24 4.89 15.74 0.55 
1002.04 4.79 14.73 0.54 
Elevation % Organic % CaC03 Mass-Sp. 1001.84 4.85 11.01 0.53 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 1001.64 4.28 15.32 0.40 
998.975 5.13 31.86 0.22 1001.44 3.68 18.49 0.55 
998.825 6.27 20.72 0.11 1001.24 2.53 21.85 0.78 
998.525 5.39 15.96 0.11 1001.04 2.12 23.38 0.65 
998.125 3.58 25.54 0.19 1000.84 2.02 22.81 0.83 
997.825 3.04 19.52 0.31 
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Raw Data (continued) 
Sireak H6yiik Core 
Elevation % Organic 
(m. a. m. s. l. ) Content 
1003.645 5.22 
1003.495 5.15 
1003.405 5.28 
1003.315 5.29 
1003.195 5.40 
1003.07 4.97 
1002.62 5.12 
1002.47 5.13 
1002.37 4.95 
1002.27 5.22 
1002.17 5.15 
1002.07 4.98 
Torundede H6yiik Core 
Elevation 
(m. a. m. s. l. ) 
1006.505 
1006.355 
1006.205 
1005.93 
1005.73 
1005.48 
1005.28 
1005.075 
1004.955 
1004.855 
1004.735 
1004.585 
1004.435 
1004.245 
1004.01 
1003.88 
1003.72 
1003.58 
1003.49 
1003.37 
1003.26 
1003.155 
1003.075 
1002.995 
% Organic 
Content 
4.68 
4.94 
4.76 
4.67 
5.37 
5.55 
5.72 
5.57 
5.11 
5.23 
5.06 
4.69 
5.01 
4.57 
4.32 
5.25 
4.60 
3.97 
4.09 
3.30 
3.52 
4.95 
4.79 
4.77 
% CaC03 
Equivalent 
21.34 
19.95 
19.25 
22.56 
20.53 
19.99 
19.01 
20.36 
19.29 
18.63 
17.55 
18.60 
% CaC03 
Equivalent 
15.94 
19.84 
14.85 
15.42 
14.29 
12.96 
14.96 
14.92 
15.60 
14.90 
15.49 
15.63 
16.28 
15.98 
17.06 
17.42 
18.03 
19.57 
19.11 
20.75 
22.20 
27.11 
25.91 
25.26 
Mass-Sp. 
Mag. Sus. 
0.68 
0.64 
0.65 
0.36 
1.09 
0.95 
0.46 
0.43 
0.38 
0.34 
0.36 
0.33 
Mass-Sp. 
Mag. Sus. 
1.21 
1.18 
0.89 
1.20 
1.42 
1.19 
1.24 
1.27 
1.35 
1.20 
1.14 
1.21 
1.23 
1.21 
1.33 
1.00 
1.20 
1.16 
1.09 
0.90 
0.70 
0.52 
0.53 
0.66 
Torundede 116y0k Core (cont. ) 
Elevation 
(m. a. m. s. l. ) 
1002.915 
1002.835 
1002.755 
1002.675 
1002.595 
1002.295 
1002.245 
1002.195 
1002.095 
1001.995 
1001.895 
1001.74 
1001.655 
1001.555 
1001.455 
1001.355 
1001.255 
1001.155 
1001.065 
1000.865 
1000.73 
1000.63 
1000.53 
1000.43 
1000.35 
1000.285 
1000-195 
1000.125 
1000.075 
% Organic 
Content 
5.09 
4.71 
4.61 
4.53 
4.41 
4.74 
5.03 
4.87 
4.55 
4.62 
4.68 
4.77 
3.84 
4.99 
4.99 
4.77 
4.82 
5.07 
4.93 
4.70 
4.86 
4.26 
4.26 
4.12 
4.18 
4.14 
2.79 
3.40 
3.12 
% CaC03 
Equivalent 
20.55 
23.72 
24.76 
19.50 
18.72 
17.74 
17.52 
17.96 
17.92 
19.22 
17.81 
18.00 
38.57 
17.19 
18.00 
18.92 
20.66 
20.41 
17.58 
18.18 
13.82 
18.55 
18.24 
17.71 
20.60 
23.52 
23.91 
38.00 
36.04 
Mass-Sp. 
Mag. Sus. 
0.88 
0.70 
0.63 
0.42 
0.40 
0.25 
0.28 
0.25 
0.25 
0.28 
0.22 
0.25 
0.22 
0.17 
0.16 
0.16 
0.16 
0.14 
0.19 
0.19 
0.23 
0.23 
0.24 
0.22 
0.21 
0.19 
0.14 
0.07 
0.09 
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Raw Data (continued) 
(Jriimdii H5yiik Core 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1004.275 6.74 13.74 1.09 
1004.025 9.60 13.53 0.36 
1003.935 6.07 18.42 0.42 
1003.725 5.86 15.41 0.31 
1003.475 5.26 17.30 0.29 
1003.375 5.18 18.34 0.27 
1003.275 5.20 17.93 0.27 
1003.175 5.21 17.33 0.27 
1003.075 4.94 17.56 0.25 
1002.975 4.76 17.84 0.29 
1002.875 4.87 17.92 0.28 
1002.775 4.81 20.15 0.29 
1002.675 4.59 19.84 0.27 
1002.585 4.71 21.60 0.32 
1002.535 4.68 22.55 0.34 
1002.465 4.35 22.52 0.34 
1002.40 4.54 22.88 0.35 
1002.33 4.45 24.07 0.30 
1002.245 4.67 23.49 0.35 
1002.16 4.45 24.49 0.35 
1002.10 4.43 25.33 0.38 
1002.06 4.37 24.44 0.33 
1002.01 4.57 24.74 0.32 
1001.885 5.10 21.81 0.46 
1001.785 4.86 24.84 0.23 
1001.685 4.61 25.69 0.25 
1001.585 4.88 25.19 0.20 
1001.48 4.65 27.81 0.18 
1001.36 5.02 24.37 0.18 
1001.29 4.51 27.97 0.20 
1001.245 4.21 32.21 0.16 
1001.215 4.46 31.54 0.23 
1001.175 4.16 31.80 0.18 
1001.075 3.44 40.81 0.15 
1000.975 3.84 47.12 0.16 
1000.875 3.56 54.68 0.05 
1000.775 3.38 55.04 0.07 
1000.675 2.83 52.91 0.15 
1000.575 3.43 20.37 0.12 
1000.475 3.70 9.51 0.11 
1000.13 3.22 16.54 0.12 
1000.03 2.48 24.29 0.09 
Uriimdii 1160k Core (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
999.97 2.83 25.23 0.09 
999.91 2.95 21.63 0.09 
999.79 3.02 24.28 0.09 
999.73 2.84 25.92 0.11 
999.62 4.75 11.77 0.10 
999.54 4.76 10.27 0.10 
999.455 7.14 14.67 0.10 
999.365 4.73 17.00 0.10 
999.175 4.63 15.09 0.11 
999-075 4.35 17.18 0.10 
998-975 3.82 20.80 0.10 
998.905 2.00 16.12 0.13 
998.775 2.29 25.10 0.04 
998.675 2.42 29.76 0.10 
998-575 2.03 23.02 0.12 
998.475 2.55 34.22 0.09 
998.375 2.26 29.20 0.10 
Orfinidd 115yilk Section 
% Organic % CaC03 Mass-Sp. 
Content Equivalent Mag. Sus. 
Unit 2 3.17 52.21 0.07 
Unit 3 3.18 10.88 0.14 
Unit 4 1.26 6.95 0.21 
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Raw Data (continued) 
Kizil H6yiik 11 Core Agadami 116yiik Core (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1004.025 5.62 20.11 0.79 1004.255 7.64 13.42 0.31 
1003.825 5.70 19.27 0.81 1004.155 7.40 12.28 0.33 
1003.675 5.36 19.13 0.83 1004.06 7.68 12.43 0.33 
1003.525 5.23 16.93 0.63 1003.97 7.81 14.91 0.24 
1003.375 5.14 15.81 0.57 1003.54 5.82 14.65 0.51 
1003.075 5.11 20.71 0.59 1003.34 4.71 25.72 0.53 
1002.975 5.19 19.27 0.68 1003.14 5.03 15.91 0.63 
1002.875 5.12 19.88 0.77 1002.96 3.96 15.95 0.56 
1002.775 5.39 19.41 0.77 1002.79 7.02 14.91 0.62 
1002.675 5.52 20.98 0.76 1002.72 6.68 15.24 0.60 
1002.575 5.27 21.25 0.88 1002.67 2.87 74.23 0.97 
1002.475 4.99 20-85 0.75 1002.555 2.82 13.18 0.62 
1002.375 5.01 19.46 0.82 1002.425 4.86 16.68 0.62 
1002.075 5.00 20.07 0.77 1002.255 3.94 18.18 0.49 
1001.975 5.03 20.35 0.72 1002.115 4.81 14.55 0.58 
1001.825 4.91 21.63 0.67 1001.825 6.36 16.90 0.82 
1001.725 4.89 21.62 0.67 1001.755 5.91 14.60 0.43 
1001.625 5.66 20.54 0.52 1001.705 5.41 15.09 0.40 
1001.525 5.92 19.28 0.36 1001.625 5.12 16.44 0.47 
1001.415 5.63 20.63 0.34 1001.555 4.86 16.17 0.55 
1001.225 5.74 18.17 0.20 1001.475 4.62 15.97 0.55 
1001.125 5.60 19.50 0.24 1001.395 5.12 16.79 0.40 
1001.025 5.89 18.85 0.17 1001.315 4.90 17.10 0.39 
1000.925 5.70 17.96 0.23 1001.235 4.80 18.79 0.38 
1000.825 5.68 20.35 0.27 1001.145 4.60 18.52 0.37 
1000.675 3.83 35.92 0.16 1001.065 5.53 17.10 0.40 
1000.575 3.61 32.99 0.17 1000.985 5.12 18-58 0.38 
1000.475 3.16 36.01 0.07 1000.885 5.01 21.05 0.38 
1000.375 2.96 35.28 0.06 1000.805 4.85 21.53 0.38 
1000.725 4.74 22.81 0.38 
1000.645 4.72 22.23 0.36 
Agadami H6yiik Core 
Elevation % Organic % CaC03 Mass-Sp. Agadami H 6yiik Section 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1004.86 8.16 14.96 0.85 % Organic % CaC03 Mass-Sp. 
1004.76 6.66 17.30 0.89 Content Equivalent Mag. Sus. 
1004.675 6.54 17.73 0.98 Unit 1 6.14 18.06 0.32 
1004.61 6.32 14.98 0.77 Unit 2a 3.96 52.52 0.06 
1004.54 6.86 15.68 0.62 Unit 2b 3.47 50.97 0.08 
1004.455 6.48 11.21 0.60 Unit 3b 1.04 2.85 1.00 
1004.36 6.92 11.60 0.29 Unit 4 0.89 3.01 1.33 
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Raw Data (continued) 
Kizil H6yiik I Core 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1003.025 5.71 17.02 0.50 
1002.925 5.86 17.05 0.51 
1002.775 6.31 15.65 0.50 
1002.625 6.37 16.06 0.47 
1002.475 5.96 15.81 0.47 
1002.325 6.08 15.80 0.45 
1002.075 6.07 18.25 0.60 
1001.975 5.96 22.27 0.58 
1001.875 5.59 21.80 0.69 
1001.775 6.01 17.52 0.62 
1001.675 6.01 20.97 0.69 
1001.14 6.12 19.62 0.75 
1001.11 5.88 19.01 0.72 
1001.075 5.62 20.58 0.77 
1001.025 5.86 20.58 0.71 
1000.975 5.54 21.18 0.84 
1000.925 5.90 21.21 0.84 
1000.875 5.98 23.05 0.80 
1000.84 6.13 18.94 0.63 
1000.815 6.65 18.59 1.10 
1000.795 6.65 26.10 0.93 
1000.775 6.55 25.63 0.81 
1000.73 4.59 14.12 1.32 
1000.67 5.31 19.23 0.90 
1000.155 6.31 15.59 0.45 
1000.075 5.83 16.99 0.40 
999.995 5.62 18.38 0.42 
999.915 5.76 17.66 0.43 
999.855 5.87 15.79 0.35 
999.815 6.00 14.38 0.36 
999.735 7.35 10.16 0.25 
999.655 7.53 6.08 0.17 
999.405 5.51 26.94 0.08 
999.305 4.37 51.32 0.06 
999.175 3.96 52.91 0.06 
999.025 3.80 52.47 0.09 
998.925 3.58 53.86 0.18 
Kizil 116yfik I Section 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1001.96 6.16 16.57 0.48 
1001.1 6.04 16.14 0.51 
1000.24 7.23 6.93 0.28 
1000.095 7.75 4.03 0.21 
999.995 7.78 4.10 0.17 
999.895 7.80 4.30 0.13 
999.795 7.45 10.20 0.09 
999.675 5.58 16.50 0.15 
999.235 3.08 24.56 0.26 
998.545 2.31 17.48 0.38 
998.145 4.05 53.01 0.06 
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Raw Data (continued) 
Kular H5yiik Core 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1002.36 6.57 30.29 0.26 
1002.26 6.42 36.22 0.26 
1002.11 6.42 36.83 0.25 
1001.995 6.61 29.05 0.21 
1001.92 6.85 29.60 0.27 
1001.81 6.15 37.93 0.24 
1001.665 7.42 37.30 0.14 
1001.595 7.57 37-83 0.19 
1001.525 6.47 38.31 0.22 
1001.435 5.90 39.85 0.12 
1001.31 5.53 50.96 0.12 
1001.11 5.64 43.92 0.17 
1000.865 5.85 37.21 0.22 
1000.765 6.29 37.63 0.22 
1000.685 5.57 40.48 0.42 
1000.605 5.88 41.01 0.21 
1000.525 5.48 45.23 0.17 
1000.495 8.59 35.53 1.25 
1000.48 1.51 11.65 0.29 
1000.435 7.70 26.16 4.04 
1000.355 4.86 36.41 0.46 
1000.275 5.91 43.36 0.77 
1000.195 4.47 53.12 0.08 
1000.145 5.01 40.07 0.19 
999.975 4.24 38.76 0.44 
999.895 5.40 37.60 0.58 
999.815 4.95 37.48 0.46 
999.775 4.63 44.20 0.10 
999.725 4.45 43.49 0.13 
999.665 5.31 37.33 0.18 
999.605 5.38 40.62 0.13 
999.545 4.44 45.33 0.07 
999.465 5.30 36.60 0.39 
999.385 5.76 36.40 0.22 
999.335 4.78 49.86 0.08- 
999.275 4.66 44.76 0.14 
999.225 5.39 39.77 0.27 
999.175 5.51 37.51 0.17 
999.125 5.12 37.64 0.26 
998.875 5.77 34.83 0.68 
998.825 5.96 32.74 0.60 
998.725 4.91 39.45 0.78 
Kizlar My& Core (conL) 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
998.605 5.23 39.18 0.09 
998.505 4.34 52.20 0.06 
998.425 3.69 61.06 0.04 
Kular H6yiik Section 
% Organic % CaC03 Mass-Sp. 
Content Equivalent Mag. Sus. 
Alluvium 4.98 38.03 0.09 
Marl 3.18 59.30 0.06 
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Raw Data (continued) 
Dolay H6yiik Core 
Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1001.32 6.62 26.83 0.52 
1001.045 6.43 25.87 0.63 
1000.895 6.30 25.55 0.46 
1000.745 5.70 34.60 0.31 
1000.605 5.81 27.41 0.55 
1000.345 5.73 27.88 0.51 
1000.245 5.81 27.39 0.53 
1000.145 5.05 33.06 0.55 
1000.045 5.25 33.52 0.70 
999.895 5.60 27.02 0.24 
999.795 5.49 27.97 0.25 
999.695 5.46 27.82 0.25 
999.595 5.62 27.90 0.23 
999.445 5.74 26.97 0.24 
999.345 5.62 28.17 0.24 
999.195 3.54 63.01 0.06 
998.945 3.30 60.12 0.06 
998.745 3.39 58.02 0.06 
1001.32 6.41 27.20 0.50 
1001.045 6.23 26.96 0.63 
1000.895 6.21 25.86 0.46 
1000.745 5.66 36.91 0.31 
1000.605 5.85 28.09 0.56 
1000.345 5.42 28.68 0.53 
1000.245 5.30 28.16 0.53 
1000.145 5.42 31.51 0.55 
1000.045 5.07 34.64 0.71 
999.895 5.59 26.74 0.25 
999.795 5.45 28.23 0.24 
999.695 5.51 28.38 0.26 
999.595 5.59 27.44 0.24 
999.445 5.71 28.94 0.26 
999.345 5.43 29.18 0.24 
999.195 3.55 63.65 0.06 
998.945 3.16 58.43 0.06 
998.745 3.24 58.71 0.06 
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Raw Data (continued) 
Avrathani H6yiik Core Avrathatu 116yilk Section 
Elevation % Organic % CaC03 Mass-Sp. Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1001.835 5.62 24.11 0.67 1001.245 6.47 14.57 0.58 
1001.635 5.03 18.54 0.60 1001.045 6.25 14.61 0.58 
1001.435 5.20 19.00 0.70 1000.845 6.20 14.69 0.57 
1001.285 5.40 16.68 0.85 1000.645 6.27 14.67 0.57 
1000.785 5.60 18.43 0.90 1000.445 6.17 14.38 0.53 
1000.685 5.55 17.71 0.69 1000.245 5.95 15.63 0.53 
1000.585 5.74 15.21 0.69 1000.045 6.17 15.08 0.54 
1000.485 6.02 15.30 0.45 999.845 6.15 14.83 0.53 
1000.385 5.68 16.36 0.63 999.645 5.78 17.14 0.54 
1000.285 6.04 15.41 0.63 999.445 5.99 14.60 0.54 
1000.035 5.70 40.53 0.26 999.245 6.01 12.51 0.56 
999.935 5.93 43.36 0.26 999.145 6.02 13.07 0.53 
999.835 6.01 22.42 0.67 999.045 5.85 14.71 0.47 
999.735 5.86 19.74 0.62 998.945 5.51 23.17 0.19 
999.585 5.73 19.38 0.66 998.845 4.54 48.61 0.06 
999.485 6.13 14.10 0.68 998.745 3.95 55.99 0.05 
999.385 5.64 17.88 0.65 
999.285 5.80 16.09 0.63 
999.18 6.78 10.20 0.56 
999.085 7.01 8.76 0.48 
998.985 8.61 4.23 0.19 
998.885 7.79 8.24 0.14 
998.685 8.19 9.38 0.12 
998.515 6.15 33.88 0.09 
998.435 5.65 48.44 0.06 
998.335 5.24 53.83 0.06 
998.235 4.68 56.49 0.05 
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Raw Data (continued) 
Kuýlu H6yiik I Lower Core Kuslu H6yfik I Section (cont. ) 
Elevation % Organic % CaC03 Mass-Sp. Elevation % Organic % CaC03 Mass-Sp. 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
1002.345 2.72 9.29 0.55 1001.03 3.35 41.37 0.18 
1002.095 2.64 14.77 0.59 1000.835 2.85 33.21 0.22 
1001.845 2.93 15.61 0.56 1000.485 3.03 41.45 0.32 
1001.645 2.81 15.96 0.63 1000.235 1.67 23.45 0.50 
1001.555 3.35 13.56 0.55 1000.065 2.21 19.63 0.90 
1001.475 3.50 17.79 0.70 999.87 1.60 25.33 0.88 
1001.395 3.13 18.65 0.74 999.8 2.74 42.61 0.38 
1001.315 3.65 22.17 0.67 999.72 1.33 21.62 1.12 
1001.235 4.63 24.46 0.78 
1001.155 3.81 22.66 0.75 
1001.075 3.42 27.03 0.54 Kuslu 11dyfik 11 Section C 
1000.995 3.89 43.92 0.21 % Organic % CaC03 Mass-Sp. 
1000.915 3.92 45.16 0.11 Unit Content Equivalent Mag. Sus. 
1000.835 3.38 58.69 0.19 8 2.62 9.10 0.34 
1000.755 3.76 56.85 0.13 6 3.27 13.35 0.32 
1000.675 3.11 61.63 0.11 4 3.57 15.82 0.40 
1000.545 2.86 41.25 0.16 3 upper 4.65 30.87 0.23 
1000.445 3.38 51.80 0.12 3 lower 3.60 50.49 0.17 
1000.345 3.34 43.84 0.20 2 4.33 33.41 0.26 
1000.245 3.66 56.00 0.08 1 upper 2.72 42.93 0.21 
1000.035 3.52 53.24 0.11 1 lower 2.86 41.55 0.36 
999.935 3.31 51.87 0.20 Marl below 2.69 38.48 0.38 
pit 
999.815 1.25 21.19 0.52 
999.69 0.80 12.06 0.41 Ku$lu 116yfik 11 Section G 
999.585 2.06 28.74 0.48 Elevation % Organic % CaC03 Mass-Sp. 
999.505 0.77 14.47 0.57 (m. a. m. s. l. ) Content Equivalent Mag. Sus. 
999.405 2.47 40.20 0.49 1001.795 3.27 6.75 0.37 
999.305 1.87 25.94 0.44 1001.595 3.07 6.31 0.33 
999.215 3.06 46.73 0.28 1001.395 3.65 9.11 0.37 
1001.195 2.93 5.57 0.34 
Kuslu H6yiik I Upper Core 1000.995 4.13 13.20 0.47 
Elevation % Organic % CaC03 Mass-Sp. 1000.795 5.09 18.44 0.58 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 1000.595 4.75 15.76 0.38 
1003.29 5.53 15.19 0.96 1000.495 4.06 13.22 0.35 
1002.84 4.35 17.38 0.71 1000.395 4.46 15.53 0.53 
1002.59 3.97 17.82 0.73 1000.195 4.66 18.21 0.22 
999.995 4.85 19.21 0.16 
Kuslu H6yiik I Section 999.795 4.77 17.97 0.16 
Elevation % Organic % CaC03 Mass-Sp. 999.595 4.44 18.24 0.19 
(m. a. m. s. l. ) Content Equivalent Mag. Sus. 999.395 3.26 16.84 0.23 
1001.35 3.29 19.13 0.38 999.195 1.24 11.81 0.32 
1001.235 3.54 16.24 0.33 998.995 0.98 11.03 0.44 
1001.115 3.82 39.72 0.20 
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